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Thos.  G.  Grier's  Book  of 

Wiring  Tables 


How  They  are  Made  and 
How  to  Use  Them. 

THE  book  is  one  which 
every    Central   Station 
and     Street     Railway 
man,      Electrician      Student 
should  own. 

C  Size  of  book,  6^x4^ 
inches.  Will  fit  the  pocket; 
has  rounded  corners;  is 
leather  bound;  has  one  hun- 
dred and  four  pages. 
C.  It  is  of  great  service  to  Con- 
tractors and  to  anyone 
employed  in  electrical  work. 
C  In  this  book  can  be  found 
the  best  answer  to  any  ques- 
tion on  wiring. 
C  We  carry  the  book  in  stock. 
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Can  be  Carried  in  the  Vest  PocKet 
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Style  B 


HIS  Vest  Pocket   Light  is  not  a  toy.     It 
gives  instant   light.      No  chemicals,   oil, 
smoke    nor    odor.       No    heat,    matches, 
trouble  or  danger.       No  wires  to   go  wrong. 
Cannot  be  blown  out  by  the  wind.     Invaluable 
in  gas  works,  paint  factories,  mines,   oil  wells, 
paper  mills,  woodworking  factories,  etc.     Use- 
ful for  Miners,  Hunters,    Plumbers,   Railroad 
Employees,    Undertakers,    Sailors,     Soldiers, 
Travellers,    Watchmen.   Liquor  Dealers,  Phy- 
sicians, Policemen,  Machinists,  and,  in  fact, 
for  all  purposes  where  a  light  is  instant- 
ly   required.      Endorsed   and   used   by  the 
Army    and    Navy    Departments    of    this    and 
foreign  countries.     Adopted  by  nearly  all  of  the  Police  and  De- 
tective Agencies  of  the  world. 

Style  B— Pressboard  Case $1.00 

Style  A— Metal  Case  Covered  with  Leatherette 1.25 

Style  A— Special— Vulcanized  Fibre  Case 1.50 

Extra  Batteries.  50  cts..  Extra  Bulbs.  55  cts. 
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tiow  the  character  of  our  instruction  in  drawing  and  to 

in  ten  st  the  public  in  the  work  of  our  school. 

JAS.    W.    HOLLOWELL,    Plainfield,    Ind.,    says:        "The     'Cyclopedia  of 

the  most  complete  work  on  mechanical  drafting  I  have  ever  seen. 
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HOW  ONE  THING  ^S"  ANOTHER 
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From  our  paper,  The  Armature 
Winder,  issued  for  the  purpose  of 
advertising  our  facilities  for  repairing 
electrical  machinery,  originated  our 
book,  Practical  Electricity,  which 
has  proven  to  be  the  most  popular  book 
devoted  to  the  study  of  electricity; 
12,000  copies  have  found  buyers,  and 
the  Fourth  Edition  is  now  ready.  From 
Practical  Electricity  has  sprung  the 
manufacture  of  Dynamos  and  Motors. 


By  buying  a  copy  of 
this  book  and  becoming 
familiar  with  the  art  of 
electricity  you  don't 
know  what  it  may  lead 
up  to. 

There  are  XX  chap- 
ters or  subjects  carry- 
ing you  from  the  funda- 
mental principles  of 
electricity  on  through 
the  various  branches  to 
a  point  where  the  care- 
ful student  compre- 
hends the  complete  de- 
signing, care  and  opera- 
tion of  a  dynamo  or  a. 
motor.  Each  subject  is 
carefully  written  and  to 
the  point.  After  a  stu- 
dent studies  a  subject, 
he  is  questioned  on  that 
subject  in  such  a  man- 
ner as  to  bring  clearly 
to  his  mind  the  points 
he  needs  to  know  re- 
garding same.  A  DIC- 
TIONARY in  back  of 
book  will  enable  him  to 
learn  the  meaning  of 
any  electrical  word, 
term  or  phrase  used  in 
this  book  as  well  as 
hundreds  of  others  in 
common  use.  All  re- 
quired tables  necessary 
in  the  study  are  in  it. 


Price  $2.00  per  copy. 

This  book  will  help  you  in  the 
study  of  electricity  as  no  other  book 
ever  has.  <I  The  offer  we  make  of 
refunding  money  if  book  is  not  sat- 
isfactory upon  examination  is  AN 
UNUSUAL  ONE  in  connection 
with  the  sale  of  a  book.  But  we 
have  no  fear  of  its  return.  Your 
decision  will  be  what  thousands  of 
others'  have  been.  Money  would 
not  buy  it  if  it  could  not  be  dupli- 
cated. We  could  print  testimonials 
by  the  hundreds.  It  is  the  best  to  I* 
order  and  be  your  own  judge  of  its 
merits. 

Cleveland 
Armature  WorKs   V 

CLEVELAND,  OHIO 


YOU  CAN 
DO  IT 

While  studying  elec- 
tricity from  our  book 
and  perfecting  your- 
self in  electrical  engi- 
neering, you  can  be 
engaged  in  the  sale 
of  our  dynamos  and 
motors  and  earning  a 
good  commission. 

Write  for  our  cata- 
logue and  proposition 
in  reference  to  how  to 
sell,  and  commission 
we  pay. 

Our  proposition  is  an 
ideal  one  for  any  man 
who  is  connected  with 
a  power  plant  or  central 
Station;  the  people  to 
whom  you  furnish 
power  will,  in  most 
cases,  favor  you  if  you 
but  tell  them  you  are 
agent  for  a  good  ma- 
chine. 
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USE 


DRAWING  INSTRUMENTS? 

If  so,   then  it  will  pay 
you   to  examine   the 
features  which  have 
made  the 

Richter 
Instruments 
of  Precision 

FAMOUS  THE 
WORLD     OVER 


The  '"Richter" 
T>ratving  Instru- 
ments possess  many 
desirable  and  unique 
features  not  found  in 
other  instruments.  They 
are  used  and  recom- 
mended by  the  highest 
mechanical    authorities. 

Their    mechanical    merits    challenge    criticism. 

Our  416  page  profusely  illustrated  catalogue  contains  a  full  description  and  price  list  of  these 
Instruments,  as  well  as  other  styles  and  grades,  also  a  complete  list  of  Drawing  Materials  and 
Surveying  Instruments.      (See  coupon  below.) 

We  make  and  carry  the  most  complete  line  of  "Dratving  Materials 
and  Sur-Veying  Instruments. 

Write  for  price   of  our   special 

A.  S.  C.  Drawing  Outfit.     Spe- 

g°  arC  trade MATQO^fN^        cially  adapted  for  students  of  the 

fully    warranted. 


All    our 


American  School  of  Correspond- 
ence. 


EUGENE  DIETZGEN  COMPANY 


Manufacturers  and  Importers  of 

Drawing  Materials  and  Surveying  Instruments 

181  Monroe  Street  119  West  Twenty-third  Street  14  First  Street 

CHICAGO  NEW  YORK  SAN  FRANCISCO 


145  Baronne  Street 
NEW  ORLEANS 


—      CUT  OUT  AND  MAIL  AT  ONCE 


Date, 


EUGENE  DIETZGEN  CO., 

GENTLEMEN:-Enclosed  find  15  cents,  for  which  please  send  prepaid  your  416  page  catalogue,  1905  edition. 
This  amount  to  be  refunded  on  first  order  amounting  to  $1.00. 


Name. 


(T.W.  August) 


City. 


State . 
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Till 


1  Complete 
Drawing 


Outfit  n 


o.  la 


i  -j 

I  and   Kc- 

.   J  tj    the 
School 


REGULAR 

RETAIL 

PRICE 

$15.34 


;i('ut  it  Refroducid 
from  a  i  notograph) 


DETAILED    LIST    OF    OUTFIT    ILLUSTRATED: 


INSTRUMENTS: 

Set  of  German  Silver  Drawing  Instruments  in 
Morocco  Leather  Pocket  Case,  velvet  lined,  with 
bar  lock,  comprising: 

One  German  Silver  compass.  6  inches  lone, 
with  pen.  pencil,  needle  point  and  length- 
ening bar. 

One  German  Silver  spacing  dividers,  5  inches 
long. 

One  steel  spring  bow  dividers,  3^  inches  long. 

One  steel  spring  bow  pen.  3*4  inches  long,  with 
needle  point. 

One  steel  spring  bow  pencil,  VA  inches  long,  with 
needle  point. 

One  5-inch  ruling  pen,  spring  on  upper  Blade- 
One  case  with  leads. 

One  adjusting  key. 

Retail  Price  of  Instruments,  $6.90 


Total  Value  of  Complete  Outfit,  $15.34 


DRAWING  MATERIALS: 

One  Drawing  Board.  10::  25  inches,  seasoned 

pine,  with   end    battens,  tongued  and 

grooved,  shellac  finish,  $1. 

One  Mahogany  T-Square,  24  in.  Iodk.  ebon* 

lined,  fixed  head,  shellac  finish. 
One  45"  Transparent  Triangle,  B  inch. 
One  3*1  xt',0   Transparent  Triangle.  10  inch. 
One  12-inch  Triangular  Boxwood  Scale,  •  I 
divided  :  graduab  1  16.  1--.  1 

L-2,  1  1-2.  and  8  [n<  b<     ">  the  f< 
one  edge  inches  and  UJtha,  with  case,    - 
One   Transparent   Combination,  irregular   or 

French  Curve,  special.  .... 

One  Bottle  Waterproof  Ink 
One 4-H  Siberian  Drawing  Pencil, 
One  Kaber'slnk  Enwer,  HO.  I 
One  Faber's  Pencil  Knitter,  No.  Ill, 
One  dozen  Thumbtacks.  - 

Kinesheeta  Whatman's  handmade,  cold  j.r.M»ed, 

Drawing  Paper,  lS^zX  Inch 
Twelve  sheets  Whltttock  Drawing  Paper,  llxlB 

Inches  ( for  practice  work  only). 
OneNlckeil  ring  Stencil, 

OneSnnilp iM' 6*  Block,       - 
OneC-lnch  German  Silver  rr  .tractor, 


'.tO 


.70 


LOO 

1.00 
.26 

.06 
JOB 


'.■ 


Retail  Price  of  Materials, 


n 

8.44 

SPECIAL  PRICE  TO  A.  S.  C.  STUDENTS  BBS         *5.95 

In  order  to  secure  the  above  special  price  it  Is  nece  -a  student  of 

of  Correspondence.    Orders  should  be  sent  direct  to  the  ad  '  lurer  •■  gl 

below  accompanied  by  PostOffice  Orderor  by  Register,  d  I.-::.:  f 

that  the  writer  it  a  member  of  the  American  School  of  Corrcsi  "O 

lo  be  Paid  by  "he  purchaser   (for  students    in  the    West  U  •  »° 

CHICAGO  will  be  prepaid.)     Address: 

A.  D.  MACLACHLAN,  214  Clarendon  Street,  Boston 

ARCHITECTS'  AND  ENGINEERS'  SUPPLIES 


Ji 
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YOUR  VACATION 

AND  ITS  PLEASURES  WILL  DEPEND  VERY 
LARGELY    UPON    THE    AMOUNT    OF 

MONEY! 


YOU  CAN  AFFORD  TO  SPEND. 
WHY  NOT  THEN  MAKE  SURE  OF  A  GOOD 
TIME?       HERE    IS    YOUR    OPPORTUNITY. 


C, "  The    Technical    World "     pays    liberally    in    cash    or    premiums    to 
those  securing  subscriptions  in   large  or  small   numbers. 

C,  You  can  have  an  exclusive  agency 
and  make  money  by  using  a  little 
of  your  spare  time. 

C  It  is  easy.  No  capital  required 
and   no   experience   necessary.     Try  it. 


Write  at  once  for  full  particulars  of 
our    great    offer  for    new    subscribers 


^/I    d    d    r    e     i     I 


The     TECHNICAL 

WORLD  MAGAZINE 


CHICAGO, 


ILLINOIS 


Mention  The  Technical  World. 


Ml 


*8 


For  a  Limited 
Time  Only 


tJTo    every     Technical 
World     Subscriber 


sending  us  1  new 

S  u  b  s  c  r  i  b  e  r 


We     will     give 
this     beautiful 
$3.00    Gold    Foun- 
tain   Pen 

FREE    OF    COST 

Y  o  u      C  a  n      H  a  v  e      ()  n  e 


CI  The    Technical    World    offers    the    largest   variety    and    the 

t    o(    premiums    for    new    subscriptions.      C?Send    al    once 

for     Premium     Circular      Free)     containing      omethii 
= FOR      EVERYONE  = 

The  Technical   WORLD  MAGAZINE 

CHICAGO,  —    ILLINOIS 


Bt 
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T5he  CONSTRUCTOR 

A  Handbook  of  Machine  Design 

By  Prof.   F.   Reuleaux 


REULEAUX'S    "Constructor"   is  the  best   practical  treatise  on   machine  design.     No 
other  book  has  had  so  great  an  influence  upon  the  entire  subject  of  machine  design 
in  both  Europe  and  America.     It  was  first  published  in  German,  and  it  has  been 
translated  into  every  great  modern  language.     The  translator  into  English,  Mr.  Henry 
Harrison  Suplee,  Mechanical  Editor  of  The  Engineering  Magazine,  made  this  basic 
book  a  practical,  working  handbook  for  the  American  machine  designer  when  he  reworked  for 
the  English  version  the  hundreds  of  tables  and  formulas  from  the  metric  to  our  systems  of 
weights  and  measures  and  standards  of  sizes  and  shapes. 

EXPERT    OPINIONS 

"This    book    is    the    best     practical    treatise    on  relation   to  machine   design  and  construction.     This 

machine  design  of  which  we  have  any  knowledge,  and  book  is  a  most  useful  one  and  should  be  in  the  library 

this  translation  places  it  within  the  reach  of  English  of  every  mechanical  engineer  and  kept  as  a  book  of 

speaking   engineers   to  whom   alone  it  has  been  in-  reference  in  the   drawing    room    of    every   machine 

accessible  heretofore.    We  can  recommend  it  as  being  shop."—  The  Engineering  and  Mining  Journal. 
worth  every  cent  of  its  price,  and  a  valuable  addition 
to   any  mechanical   engineer's    library. — Engineering 

News.  This  work  has  long  been  known  as  the  best  and 

most  thorough  publication  of  its  kind  in  existence.     It 

"Reuleaux's  Constructor  has  long  been  known  as  will   be  found   of  the  greatest  utility  by  mechanical 

the  best  and  most  thorough  work  of  its  kind  in  exist-  engineers.     The    volume  is   admirably   printed    and 

ence,   presenting  in   compact   form   a   great   mass  of  carefully  edited  throughout,  and  is  worth  every  penny 

information,   the  best  both  in  theory  and  practice  in  of  the  price.—  Machinery,  London. 

Large    Quarto,     12  0  0     Illustrations.    £7.50     by    Prepaid    E  jc  p  r  e  s  s 


Arithmetic   and  Algebra 

DESIGNED  FOR  SELF  INSTRUCTION 

By  H.  B.  Lubsen 

THE  name  "Lubsen"  on  a  mathematical  work  is  the  hallmark  of  clear  explanation  and 
orderly  development  of  the  theme  treated.  This  is  one  of  Prof.  Lubsen's  most  successful 
books,  nearly  thirty  editions  having  been  sold  in  Ge^rany.  Mr.  Suplee,  the  translator, 
has  been  able  to  duplicate  the  author's  simplicity  aro  clearness  of  language,  and  has 
enhanced  the  value  of  the  work  by  adding  some  new  material  of  great  value  to  the 
practical  man.  The  method  of  extracting  roots  by  "approximation"  fully  explained  in  this 
book  is  so  valuable  that  it  should  be  learned  by  everyone.  By  it  square  and  cube  roots  can  be 
found  much  more  quickly  than  by  the  usual  laborious  methods,  and  there  is  the  added  advantage 
that  the  process  is  so  simple  that  anyone  can  remember  it.  To  know  this  one  processes  worth 
more  than  the  cost  of  the  book.  C.Every  example  throughout  the  volume  is  worked  out  in  detail, 
showing  just  how  and  why  everything  is  done.  All  problems  are  essentially  practical,  and 
unnecessary  matter  is  excluded.  Arithmetic  leads  up  to  algebra,  the  use  of  symbols  being 
gradually  developed.  The  exercise  of  the  judgment  is  fostered,  and  dependence  upon  arbitrary 
rules,  which  are  seldom  remembered,  is  avoided. 

1  2    mo..     £2.00      by     Mail     Prepaid 


THE    ENGINEERING    MAGAZINE 

Nassau-Beekman  Building         .*.        .\        .'.        .*.        .'.        •*.      NEW  YORK 
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IX 


FREE  to 


WIET.GOETH  E 

COMBINATION     GAUGE 


JVOW     offered    for     ih. 

FIUST  TIME  to  ihojt 
interested. 


DRAUGHTSMEN! 
KLKCTRIC1ANS! 
TOOL  MA  KERS! 
PATTERN 

MAKERS! 
MACHINISTS! 
E  V  KR.YBODY! 


f 


The  Scale  ij  graduated  to  64-thj  of  an  inch.     The   "Protractor 
in  degrees  and  numbered. 


DID  IT  ■  h.-n  calh-d  0]  Mie  mechanical  work  to  Ik.      .lfronted  by  almost  in 

t  have  1  nidy  the  rik'ht  kind  of  a  tool  to  take  measurement 
rry  a  cumbersome  tool  chest  to  isurements?    ^Suppose  you  could  carry  in 

unent 

AM    OVTSIDE   CALIPER. 
AN    INSIDE    CALIPER. 
A    DIVIDER. 


A  TRY  SQUARE 

A  CENTER.  SQUARE 

AN  ANGLE  PROTRACTOR. 


A  STRAIGHT  EDGE 
AN  ANGLE  GAUGE 
A  DEPTH  GAUGE 
A  CENTER.  GAUGE 

and  many  other  combinations  too  numerous  to  mention,  but  understood  and  appreciated  at  once  by  all  having 

'  present  ■  tool  which  will  enable  you  to  (ill  all  these  requirements  end  I 

its  scope,  accurately  and  quickly.       '  made  of  superior  steel,  carefully  and  thoroug 

be  •     ind  to  be  a  n' >•.<•!  and  valuable  -  of  any  mechanic. 

v  and  all  cir.-um  "  It  will  N 

I  difficult  problems  which  arise  in  the  shop  or  i  ' 

*        e  Gaufre  is  ni  echanics  and 

We  commend  it  as  a  1  f«>r  the  vai  to  which 

it  leather*  with  mi  •.inR-s,  so  as  to  be 

one  of  these  invaluable  t!;i  Igl      free  if  >"U  accept  the  proposition 

AGENTS     WANTED 


HERE  IS  A  SPECIAL  OFFER 
READ  IT 


, 


Coupon 


i  H 


■    ■■< 

; 
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,  »  rlt- 
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Modern  Machinery  Publishing  Co.   uos  security  Bidg. 
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HE  text  books  of  the  American  School  of  Correspondence  have  been  prepared  by 
leading  college  professors,  engineers  and  experts  in  this  country.  In  their  prepara- 
tion careful  study  has  been  given  to  actual  shop  needs.  Simplicity,  brevity,  clear- 
ness and  thoroughness  are  marked  features.  It  may  be  said  in  this  connection  that 
the  United  States  government  has  secured  the  right  to  use  these  instruction  papers  as  text 
books  in  some  of  its  schools.  "Storage  Batteries,"  by  Professor  Crocker,  is  used  in  the 
senior  class  work  in  Columbia  University.  The  Westinghouse  Electric  and  Manufacturing 
Company   have  secured  a  large  number  of  papers   to  be  used  in  their  educational  classes. 


The  only  gold  medal  for  superior  excellence  in 
Engineering  Education  and  Technical  Publica- 
tions awarded  at  the  St.  Louis  Exposition  was 
given  to  the  American  School  of  Correspondence 


^T  There  has  been  on  the  part  of  the  school's  large  student  body  a  great  need  of  a  practical, 
concise  and  thorough  reference  work  —  a  reference  work  which  would  supplement  their 
studies  and  also  assist  them  in  the  solution  of  such  problems  as  daily  confront  every  practical 
man.  To  meet  this  need  the  school  has  compiled  its  twelve-volume  "  Modern  Engineering 
Practice."  The  "  Library  "  is  edited  by  Dr.  F.  W.  Gunsaulus,  assisted  by  a  corps  of  able 
specialists  and  experts.  It  covers  a  broad  field  of  engineering  work  and  includes,  in  addition 
to  the  school's  regular  work,  many  special  articles  on  such  subjects  as  Wireless  Telegraphy, 
Automobiles,  Gas  Engines,  etc.,  thus  forming  a  complete  reference  work  on  the  latest  and 
best  practice  in  the  Machine  Shop,  Engine  Room,  Power  House,  Electric  Light  Station, 
Drafting  Room,  Boiler  Shop,  Foundry,  Pattern  Shop,  Blacksmith  Shop,  Round  House, 
Plumbing  Shop  and  factory.  The  "Library"  is  well  indexed,  profusely  illustrated,  and 
substantially  bound  in  three-quarters  red  morocco. 
^  For  description  and  table  of  contents  see  pages  XII  and  XIII  of  this  issue. 

SPECIAL      To  students  enrolling   BEFORE      SEPT.    1st,    1905 

in  any  of  the  courses  listed  on  the — 

opposite  page  we  will  include,  as  a  help  to   their  studies,    a   set   of  the    12-volume   "Refer- 
ence Library  Modern   Engineering   Practice"  in   addition   to   the  regular   instruction   papers. 


FREE 


200  page  Bulletin  giving  full  information  and  outlines  of  courses  shown  on  opposite  page  sent  free  on  request 
COUPON.     Cut  Out  and  Mail  NOW     

AMERICAN  SCHOOL  OF  CORRESPONDENCE,  CHICAGO,  ILL. 


Please  enroll  me  in  the  . 


course,  which  I  promise  to  pursue  diligently,  I  agree  to  pay  $ cash, 

and  $ on  or  before  the day  of  each  month  thereafter  until 

total  tuition  $ (given  on  opposite  page)  is  paid. 

The  library  "Modern  Engineering  Practice"  (12  vol.)  is  to  be  sent  me  as  soon  as  I  have  completed  the 
first  ten  papers  of  my  course  or  as  soon  as  the  tuition  is  paid  in  full,  becoming  my  property  when  tuition  is 
paid  in  full.  T-  W.  Aug..  '05, 

Fill  out  the  following  carefully. 
Name ■ 


Residence 


Town . State. 
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REFERENCE    LIBRARY    MODERN 
ENGINEERING      PRACTICE 

—  tn  TWELVE  VOLUMES-  = 

A    Reliable    Guide    !•  r     Engineers,    Mechanics,    Machinists    and    Stodei 
Illustrating  and  Explaining  the  Theory,  Design,  Const  nut  ion   and  Opeiati.ui 
of  all  kinds  of  Machinery;  Containing  over  Six  Thousand  Pages,  111 
with    more    than    Four    Thousand    Diagrams,    Working    Drawings,    full-page 
Plates  and  Engravings  of  Machines  and  Tools 


PARTIAL  TABLE  OF  CONTENTS 
Volume  One 

1  I f   El     ■  •     : .     <  tarren!     Measnrem< 

phy — Including  Wireless  and  Telautograph— Insulators- 

v. 

Volume  Two 

and   Motor-      Types  of    Dynamos  —  Motor 
1  'i  iven  Shops — St.  : 

Volume  Three 

LiRhting —  Electric    Railways     Management   of    Dynamos  and 
Motor       Po  WOT  Stations. 

Volume  Four 

mating  Current  Generators — Transformers— Rotary  Con 

Motors — Induction    Motors     Power    Transmission— M<r 
cury  Vapor  Converter. 

Volume   Five 

phone  Instrument         Lines  —  Operation    -Maintenance  —  Common 
i — Automatic  and  Wireless  Telephone. 

Volume  Six 

II    it  -Combustion  — Construction  and  Types  of   Hoilers — 
Vccessories— Steam  Pumps. 

Volume  Seven 

m     Engines — Indicators  —  Valves,    Gears    and   Setting — Details — 
l'urbine — K  :ion — Gas  Engines. 

Volume  Eight 

Marine    Engines    and    Hoilers-  aion  —  Locomotive    Hoilers    and 

■ — Air  Brake. 

Volume  Nine 

Making — Moulding    -Casting— Blast    Fnri  sfetallnri 

Metals — Mechanism — Machine  I  teaign. 

Volume  Ten 

hop    Tools      Lathes    -Screw    Cutting      Planers      Milling 
Machines  -  Tool  Miking — Forging. 

Volume  Eleven 

Me  bani    d  Drawing   -Perspective  I 'rawing— i  '.  Ink  R< 

— Architectural  Lettering. 

Volume  Twelve 

Systems — Heaters — Direct  and  Indirect  Steam  and  Hoi  Water  Heating 

—Temperature      ]<■  imbing— 

Installing  and  Testing— Hot  and  Cold  Water  Supply— Ventilation. 
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features, 
freedom 


I  EN  such  terms  as  "the  good  old  Rambler"  are  applied  to  a  machine,  it 
merits  an  inquiry  into  all  the  details  of  its  construction.  A  constant 
desire  to  cater  to  the  needs  of  those  who  drive  automobiles  over  American 
roads  has  kept  the  development  of  our  product  free  from  experimental 
Its  ease  of  control,  spring  suspension,  road  clearance,  durability,  and 
from  vibration  and  noise  have   the  approval  of  thousands  of  the  most 

discriminating  operators.  These 
are  points  to  which  you  should 
give  your  earnest  consideration 
before  purchasing  an  automobile. 
We  will  be  pleased  to  furnish 
you  with  full  information  from  the 
home  office  or  place  you  in  touch 
with  our  nearest  representatives. 


MODEL    H.   $850.    complete  with 

brass  oil  side  lamps,  brass  horn,  pump, 

MODEL  H  j         *         j  i_  !.  • 

oilers,  drop-torged  wrenches  and  repair 

kit.  Readily  convertible,  without  expense,  into  runabout.  C.  For  those  who  wish  a  larger,  more 
powerful  vehicle  with  the  convertible  features  of  MODEL  H,  we  offer  MODEL  K-2,  which 
is  like  Surrey  Type  One, 
except  that  it  has  a  detach- 
able tonneau  and  costs 
11250  instead  of  $1350. 
C.  Finished  in  Kambler 
carmine  with  brass  trim, 
and  complete  with  brass 
side,  tail  and  gas  head- 
light, brass  horn,  drop- 
forged  wrenches,  oilers, 
pump  and  repair  kit. 

OTHER  MODELS,    $750,  $850, 
$1350,  $1500,  $2000,  and  $3000. 


MODEL  K-2 


Main    Office    and    Factory, 


KENOSHA.     WISCONSIN 


New  York  Agency 

134  West  38th 

Street 


'Branches: 

BOSTON,        ---  145  Columbus  Avenue 

CHICAGO,       -        -        -     302-304  Wabash  Avenue 
PHILADELPHIA,    -        -       242  North  Broad  Street 


Representatives  in 

other  leading 

cities 


Thomas   B.    Jeffery  &   Company 
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WILLIAM  J.  CHALMERS. 

President  Allis-Chalmers  Company. 

Horn  in  Chicago    111     July  10,   1852.     Educated  in  Chicago  Grammar  and  High  Schools.     Served  apprenticeship  in 

B°  machine1  shops  of  the  Eagle  Works  Manufacturing  Co.,  Chicago.     In  1^  Joined  h       ath^r  Thomas  Chalmers 

and  his  partner  David  R.  Fraser  in  machine  shop,  under  name  Fraser  6c  Chalmers.     Built  engineering 

works  in  England  with  associate  partners  in  1889,  now  being  operated  as  Fraser  &  Cna  mers, 

Limited,  and  located  at  Erith,  Kent.     In  1901,  formed  the  consolidation  known  as  the 

Allis-Chalmers  Co.,  taking  in  the  works  of  E.  P.  Allis  &  Co.,  Milwaukee,  W  is., 

Fraser   &   Chalmers,   and   the   Gates   Iron  Works,   Chicago,   and 

Dickson   Mfg.   Co.,   Scranton,   Pa. 
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Wasps  of  tilhe  Sea 

Torpedo  Craft  and  THeir  Use  in  Warfare 

By  CRITTENDEN  MARRIOTT 

adent,  T 
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U.  S.  TORPEDO-BOAT  DUPONT. 
A  typical  vessel.    The  best  of  her  class  in  the  world. 


spar  hinged  to  its  bow,  held  high  in  the 
air,  but  ready  to  be  lowered  on  the  in- 
stant; on  the  end  of  this,  was  the  tor- 
pedo— not  the  finished  device  of  to-day, 
but  the  crudest  mechanism  that  ever 
helped  to  shape  the  destinies  of  a  nation. 
To  succeed,  he  had  first  to  force  his  boat 
over  the  boom ;  then  lower  his  torpedo 
into  the  water  ;  wait  until  it  was  at  just 
the  right  depth  ;  stop  his  boat  at  just  the 
right  distance  from  the  Albemarle ;  and 
fire  the  explosive  by  a  pull  that  was 
neither  too  vigorous  nor  too  gentle,  on  a 
thirty-foot  cord.  The  whole  thing  was 
as  delicate  as  any  surgical  operation.  Yet 
Cushing  did  it.  Have  even  the  Japanese 
anything  more  brilliant  to  which  to 
point  ? 

Consider  now  the  question  of  vigilance. 
Are  modern  officers  more  watchful  than 
those  of  old?  And  is  Cushing's  exploit 
impossible  to-day  "J 

Leave  aside  the  recent  Japanese  ex- 
ploits in  the  guarded  waters  of  Port 
Arthur  and  at  the  great  naval  pitched 
battle  in  the  Straits  of  Korea,  which  we 
are  not  yet  able  to  measure  with  exacti- 
tude :  and  let  us  take,  instead,  an  episode 
in  our  own  wcr  with  Spain,  when  the 
torpedo-boat  Porter  crept  up  unseen  to 


within  150  yards  of  the  flagship  Nezv 
York,  trained  all  her  three  torpedo  tubes 
on  her,  and  was  about  to  fire,  when  she 
realized  that  it  was  a  friend  and  not  a 
foe  at  whom  she  was  aiming.  The  New 
York  knew — or  thought  she  knew — that 
the  Spanish  destroyers  were  near  at  hand, 
and  was  presumably  keeping  a  sharp 
lookout ;  yet  the  Porter  crept  up  on  her 
by  night,  under  veil  of  her  trailing 
smoke,  and  came  within  an  ace  of  send- 
ing her  to  the  bottom.  Ask  any  of  the 
New  York's  officers  what  they  think  of 
the  value  of  torpedo-boats  and  vigilance, 
and  be  enlightened. 

The  torpedo  cannot  be  considered 
without  the  boat  that  carries  it.  To- 
gether, they  make  a  perfect  whole ;  sepa- 
rated, they  are  as  useless  as  a  gun  with- 
out its  cartridge.  The  boat  was  con- 
structed to  aid  in  the  work  of  the  tor- 
pedo, and  has  fulfilled  its  purpose  so  per- 
fectly that  the  torpedo  is  almost  never 
used  without  it.  Torpedoes  there  are 
which  may  be  used  from  shore  or  from 
larger  vessels ;  but  the  world  has  vet  to 
learn  of  a  single  instance  of  their  proving 
effective  ;  while  the  torpedo-boat — read 
of  it  in  the  chronicles  of  the  Eastern  war, 
if  nowhere  else. 


.  HE 


\  Torpedo-Boat  Described 

Fit 
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.  ami  il  dent  that  she  i-  n<  il  well 
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md  here  and  look  around  you.     \'<> 
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the  small  deck  spaa  d    with 

ventilal  mpanionv*  uard  i 

and  all   sorts  of   frippery  necessar)    for 
(.-i  mi  fort  in  times  of  peace,  bul  destined 

■  stripped  ruthlessly  away  in  tim< 
war.  whin  onl)   the  rapid  fire  guns  and 
the  torpedo  tubes  arc  allowed  to  remain. 
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over  them  unh(           ly.  It  is  no  wonder  : 
then-  is  not  in  all  the  world  another  piece 

of  mechanism  that  l<  innocent 

I   the  ■  deadly.     M 

er  pipe,  they  seem, 

ii   |.i\  tin- 

deck      tin:  \alierl 

ntilafc  not  at  all 
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bow,    rises    tl  tower,  a 

dm  high  and 

in  diameter,  it-  walls  studded  with 
speaking  tubes,  bell-pulls,  indicators, 
and  firi  and  its    center    ob- 

structed 1>\   a  pilot  wheel  and  the  con- 

.  ith  tl  e    si  '  •  ring  | 

This  is  tl  in  of  the  boat,  from 
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the  "boat :  a  word  to  the  nan  all 

ilk-  course,   turning   thi  1   perhaps 

completely  in  her  own  length;  a  gri] 
the  hand  makes  an  electric  contact  and 
the  torp  "ii  their  mission 

i  i  destructii  >n. 

1  [ere  the  captain  stands  and  i  irders  ev- 
erything. Take  his  place,  and  look  about 
you.     Thi  drum   is    not     entirely 

closed  :  all  around,  at   the   lev<  1   of  the 
avei  -  a  ser  slits,  through 

which   a   view   of  the   whole  horizon  can 
be  had.  arily  narrow,  to   guard 

nv  of  small  shi  it,  the) 

suffice. 

The  Captain  Everything 

Everything  depends  on    the    captain; 

his  must  be  the  brain  to  conceive  and  his 
the  hand  t  te.     1  he  si  ildier  in  hat- 

tie  can  seldom  be  sure  that  his  particular 
bullet  has  found  its  billet  :  the  officer  who 
works  the  guns  on  a  battleship  acts  al- 
t  automatically  in  obedience  to  in- 
stant orders  and  in  the  heat  of. conflict; 
the  great  captains  of  former  times,  the 
I  lulls,  the  Decaturs,  the  Bainbridges,  did 
not  themselves  their  foes,  any  more 

than  the  judge  who  sentences  the  crimi- 
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Torpedo  Practice. 

nal  acts  as  the  hangman.  But  the  torpedo 
captain  is  everything.  His  it  is  to  slip 
upon  the  unsuspecting  foe  under  cover  of 
night,  and  with  his  own  hand  to  loose 
upon  him  the  mightiest  engine  of  de- 
struction known  to  man ;  and  his  it  is  to 
flee  after  striking,  hearing  behind  him 
the  noise  of  the  ruin  that  his  very  hand 
lias  wrought.  He  has  no  glow  of  battle 
to  warm  him ;  oftener  he  is  so  cold  that 
his  numb  fingers  can  scarcely  press  the 
contact-button :  in  the  Japanese-Chinese 
war,  several  captains  were  taken  from 
the  conning  towers  frozen  to  death.  It 
takes  either  intense  pa- 
triotism or  ruthless  love 
of  destruction,  to  kill  a 
whole  ship's  crew  at  a 
blow.  Little  wonder  that 
strange  tales  should  be 
told  in  the  navies  of  the 
world,  of  officers  whose 
hearts  turned  to  water 
at  the  critical  moment, 
making  them  hesitate 
and  hesitate  until  the 
enemy  discovered  them 
and  fired  first,  blowing 
them  from  the  face  of 
the  waters. 

Xot  even  war  could 
justify  —  to  our  thin- 
skinned  modern  con- 
sciences— this  loosing  of 
automobile    death    on    a 


sleeping  foe,  were  it  not 
for  the  terrible  risk  in- 
volved to  the  destroyer. 
For,  let  the  enemy  dis- 
cover his  presence  in 
time,  and  he  will  sweep 
the  water  with  a  hail  of 
rapid-fire  projectiles  un- 
der which  nothing  can 
live  for  more  than  a  few 
moments.  The  only 
safety  for  the  torpedo- 
boat  is  to  strike  first ; 
and  even  this  may  not 
suffice,  for  the  stricken 
monster  may  float  long 
enough  to  strike  back,  or 
her  consort,  if  she  has 
one,  may  wreak  ven- 
geance. 

But  come  back  to  our 
tower.  Its  walls  are  of 
chilled  steel,  an  inch  thick  instead  of 
one-quarter  of  an  inch,  which  is  all  that 
serves  elsewhere  in  the  skin  of  the 
boat.  Protection,  sacrificed  every- 
where else  to  speed  and  to  lightness, 
here  makes  a  last  stand.  If  the  conning 
tower  can  save  the  brains  of  the 
boat  for  a  few  instants,  the  body  may 
escape.  Running  half  a  mile  a  minute, 
it  does  not  take  long  to  reach  safety  if 
only  the  steering  gear  and  the  motive 
power  remain  uninjured.  The  motive 
power  lies  beneath  the  water  level ;  but 
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Engine  Room  of  a  Torpedo-Boat. 
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of  fulminate  of  mercury,  when  the  target 

is    struck. 

The  Striking  Device 

When  first  the  Whitehead  was  used, 
the  mechanism  of  its  striker  was  ex- 
tremely simple.  Projecting  stiffly  from 
the  nose  of  the  torpedo,  it  naturally  came 
first  in  contact  with  the  target  and  was 
forced  violently  back  against  the  cap  of 
fulminate,  which  it  exploded  exactly  as 
the  blow  of  the  hammer  fires  a  gun.  The 
trouble  was  that  it  worked  only  too  well, 
sometimes  exploding  the  cap  (in  prac- 
tice work)  as  the  torpedo  struck  the 
water,  or  even  before.  This  would  not 
do,  of  course.  Not  only  would  a  prema- 
ture explosion  injure  or  destroy  the  tor- 
pedo-boat, but — which  was  worse — it 
would  prevent  its  attack.  For  a  torpedo 
cannot  be  loaded  and  fired  in  an  instant. 
So  inventors  devised  another  plan.  Now- 
adays, unless  a  blow  is  heavy  enough  to 
crush  the  entire  nose  of  the  torpedo,  it 
will  not  explode  it  until  some  time  after 
it  has  left  the  tube.  For  the  striker  does 
not  project  at  first,  but  is  slowly  pushed 
out  in  front  as  the  fish  runs,  until,  at  a 
specified  distance,  it  is  fully  out  and  can 
be  exploded.  Even  then  a  heavy  blow 
is  necessary.  Through  a  light  wooden 
craft,  the  torpedo  would  cut  its  way  like 
a  bullet  without  exploding,  unless  it 
chanced  to  strike  something  unusually 
hard  in  its  passage. 

Steering  Gear 

The  tail  of  the  torpedo  is  fitted  with 
many  devices  intended  to  secure  accuracy 
of  direction.  It  has  two  sets  of  rudders, 
each  double,  the  one  set  horizontal,  the 
other  vertical ;  and  two  propellers  ar- 
ranged tandem  fashion,  revolving  in  op- 
posite directions  so  that  each  may  coun- 
teract the  lateral  thrust  of  the  other. 

But  no  propellers  can  counteract  the 
erratic  movements  of  the  waves.  Even 
a  bullet  whizzing  through  the  air  is  de- 
flected by  a  cross  wind ;  much  more  then 
is  the  slower-  torpedo,  deflected  by  the 
heavier  medium  in  which  it  moves.  And 
the  least  deflection  at  the  beginning 
means  a  miss  at  the  end. 

But  though  the  torpedo  may  be  de- 
flected, it  is  brought  back  to  its  course 
automatically  by  the  action  of  the  "Obry" 
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horizontally  just  as  those  of  the  Obry 
gear  are  sel  vertically )  come  into  play 
and  steer  it  hack  to  its  former  level. 

When  diving-  under  a  floating-  obstruc- 
tion, still  another  device  is  used.  The 
tiny  diving  rudders  can  be  set  so  as  to 
steer  the  fish  downwards,  and  so  that 
they  will  he  released  after  a  certain  num- 
ber of  revolutions  of  the  screw,  where- 
upon the  fish  will  ascend  to  the  level  de- 
termined by  the  water  pressure  for  which 
it  was  set.  Each  revolution  means  so 
many   yards  of  advance;  so,   if  the  ob- 


struction is,  say,  a  hundred  yards  away, 
the  downward  rudders  will  be  set  for  re- 
lease after  the  corresponding  number  of 
revolutions.  The  actual  depth  to  which 
the  torpedo  descends,  will,  of  course,  be 
determined  by  the  degree  of  inclination 
of  the  downward  rudder  and  the  distance 
which  it  runs  before  the  rudders  are  re- 
leased. 

Loving  Darkness  Better  Than  Light 

But  what  is  the  real  value  of  all  this 
mechanism?     Is  it  theoretically  perfect 
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CLEANING  SUBMARINE  TORPEDO-BOATS. 
Blue-jackets  on  top,  divers  beneath  the  water. 
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giving  whispered  orders  to  the  steers- 
man. Silence  has  been  ordered  fore  and 
aft:  a  loud  sound  borne  along  the  water 
might  rouse  some  far-off  sharp-eared 
sentry  and  prepare  for  us  a  sharp  wel- 
come. Nearer  we  creep  and  nearer. — 
Suddenly,  out  of  the  darkness  ahead,  a 
darker  spot  takes  shape.  Is  it.  or  is  it 
not?     A    little    closer — closer — suddenly 

real  sword  of  light  cuts  the  darkness, 
shifting  swiftly  here  and  there.  In  an- 
other moment  it  will  touch  us.  and  then! 
— Now  or  never!  One  convulsive  grip 
on  the  firing  clutch,  and  the  Whitehead 
shoots  over  the  side  and  rushes  toward 
the  enemy,  while  we  spin  around  on  our 
heels  and  fly  for  dear  life.  Full  speed 
n<  »w  !  X 1 i  matter  if  the  funnels  do  betray 
our  presence;  the  roar  of  the  torpedo 
would  arouse  a  deaf  man  anyhow,  and 
the  searchlight  will  surely  pick  us  up  in 
a  moment.  Moreover,  we  have  shot  our 
bolt;  no  power  can  stop  or  stay  it  now; 

leadly  striker  is  pushing  further  and 


further  out  every  second;  soon  it  has 
reached  its  full  extension;  now  it  is 
ready  for  the  blow.     Xow — 

The  roar  of  the  torpedo  is  drowned  in 
the  roar  of  the  enemy's  rapid-firers ;  his 
searchlight  has  us  in  its  focus ;  the  water 
around  us  is  being  lashed  to  foam  by 
his  projectiles  ;  our  decks  are  shattering 
beneath  our  feet ;  the  conning  tower  has 
been  pierced  by  a  score  of  shots,  but  for- 
tunately no  serious  damage  has  been 
done.  The  time  is  short  now ;  another 
instant,  and — a  gigantic  column  of  water, 
mingled  smoke  and  flame,  shoots  toward 
the  heavens  ;  the  enemy's  fire  slackens — 
stops ;  his  searchlights  waver — go  out ; 
darkness  falls  on  the  sea.  Back  yonder — 
three,  four,  five  miles  away  by  now — 
men  are  drowning  by  wholesale ;  we  can- 
not help  them  :  the  torpedo-boat  is  mer- 
ciless because  it  is  powerless  to  save ;  not 
a  tithe  of  the  crew  of  a  battleship  can  find 
footing  on  its  decks ;  let  them  look  to 
themselves.    Vae  metis! 


CABIN. 
Showing  royal  chryianttietnum-,  gold  lac  . 


Japanese  Lacquer-Ware 

How   these  Characteristic   Products  of  the  Exquisite  and   Inimitable  Artistic 

Skill  of  the  .Japanese  are  Made 
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againsl  injury  from  various  liquids;  it 
makes  an  excellent  surface  for  laboratory 
tables,  photographic  developing  trays; 
etc,  as  well  as  for  numerous  household 
articles.  The  argument  that  the  fresh 
material  is  poisonous  has  but  little  force. 
for,  if  the  poison  is  merely  a  volatile 
acid,  as  believed,  it  ran  probably  be  re- 
moved by  the  application  of  heat  in  some 
way.  At  any  rate,  the  antiquity  and 
long-continued  success  of  the  industry 
seems  to  prove  that  this  deleterious  qual- 
ity cannot  be  of  any  great  moment. 

Source  of  Lacquer 

Lacquer  is  the  sap  from  the  lacquer 
tree  {Rhus  vernicifera) .  This  tree  is 
indigenous  to  Japan,  where  it  grows  to  a 


Kinds  of  Lacquer 

From  the  raw  product,  many  kinds  of 
|U<  r  are  made.  The  district  in  which 
the  best  is  produced  is  Aidzu  in  Iwash- 
iro  :  and  it  is  from  here  that  the  Suki,  or 
transparent  lacquer,  is  obtained.  This 
kind,  however,  is  not  suitable  for  the 
]) reparation  of  black  lacquer,  for  which 
the  sap  from  trees  grown  in  the  district 
of  Chichibu,  in  the  province  of  Musashi, 
is  considered  the  finest. 

The  black  product  is  called  Ro,  and 
this  is  made  by  adding  to  the  pure  lacquer 
a  liquor  formed  by  steeping  iron  filings 
in  vinegar  and  exposing  them  to  the  sun 
for  a  few  days.  Muritate  is  pure  lacquer 
mixed  with  water  that  has  been  poured 
on  a  whetstone,  to  which  is  added  a  little 


■        I 


^fc^Sv 


■  'A  ^«P**  M  'JUL  » 


LACQUERED  VIOLIN-CASE  INLAID  RICHLY  WITH  MOTHER-OF-PEARL. 

Brought  from  Japan  by  B.  Frank  Gallaher.  U.  S.  N.,  with  the  iirst  lot  of  Japanese  objects  imported  into  the  United 
States,  and  now  owned  by  Mr.  T.  W.  Smillie,  of  the  National  Museum. 


height  of  twenty-five  to  thirty  feet.  It 
is  akin  to  our  American  poison-ivy  and 
poison-sumach. 

The  wood  of  the  lacquer  tree,  it  may 
be  observed,  is  fine-grained  and  golden 
at  the  heart,  and  is  much  used  in  Japan 
for  cabinet-work,  while  the  berries  yield 
a  wax  which  makes  excellent  candles. 

The  "tapping"  period  extends  from 
April  to  the  end  of  October ;  and  the 
juice,  exuding  from  horizontal  gashes 
cut  in  the  bark,  is  collected  in  a 
pointed,  spoon-shaped  instrument,  from 
which  it  is  transferred  to  a  wooden  re- 
ceptacle or  tube  of  bamboo.  At  first  it  is 
a  thick,  grayish-white  fluid ;  this,  if  ex- 
posed to  the  air,  quickly  turns  yellow,  and 
later  black,  at  which  stage  it  is  given  the 
name  Ki-unishi,  which,  indeed,  is  the 
general  Japanese  name  for  lacquer.  It  is 
next  thoroughly  stirred  so  as  to  break 
up  any  lumps,  and  then  strained  through 
cotton  cloth. 


powdered  turpentine.  Johana  lacquer  has 
a  little  oil  from  the  Ye  plant,  in  addition 
to  the  water  and  turpentine.  Makanuni  is 
pure  lacquer  from  which  all  the  water 
has  been  extracted.  Seshime  is  a  mixt- 
ure of  pure  lacquer  with  finely  powdered 
charred  wood  and  a  glaze  made  from  sea- 
weed. Ki-sesliime  is  made  from  the 
lower  branches  of  the  tree  or  from  the 
branches  of  old  trees  that  have  been  cut 
down. 

Varieties  of  Lacquer- Ware 

Again,  different  qualities  of  lacquer 
are  used  for  special  purposes ;  and  most' 
of  the  famous  pieces  of  lacquer-ware  are 
examples  of  one  of  the  following  kinds: 

Polished  Black  Lacquer  —  upon 
which  appear  figures,  landscapes,  pat- 
terns, etc.,  painted  in  gold  lacquer  in  very 
slight  relief,  sometimes  diversified  by  di- 
minutive square  pieces  of  gold  foil,  laid 
either  on  the  black  ground,  on  the  gold 
pattern,  or  on  both. 
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plain,     this     is     rubbed    i 
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with   finely  powdered   win  I  i  »r  tin, 

and  this  brings  the  pattern  out  white. 
From  one  tracing,  about  twenty  impi 
sions  can  be  taken  off;  and  when  that  is 
no  longer  possible,  owing  to  the  lacquer 
being  used  up,  it  requires  only  a  fresh 
tracing  over  the  paper  to  r<  ■ 

duce  the  design  indefinitely.     This  trac- 
ing di  ies  ii-  >t  drj .  i  >v.  ing  ti  i  the   fad . 
explained  already,  that  the  lacquer  u 
has  previ<  iusly  bei  n  n  tasted. 

The  pattern  thus  traced  out  is  then 
filled  in  with  ground-work  lacquer,  by 
means  of  a  brush  made  of  hare's-  hair, 
great  care  being  taken  not  to  touch  or 
paint  out  the  original  tracing  line.  This 
then  powdered  over  with  fine  gold 
dust,  silver  dust,  or  tin  dust,  ling 

to  the  quality  of  the  ware    The  dusl  is 
applied    with    a 

charged   with   th<  rial   to  1" 

and  the  article  is  then  gentl  d  with 
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Lacquered  Cabinet,  with  Figures  in  Raised  Gold. 
Belonging  to  the  Fred  May  collection. 

adhere  to  the  article,  and  to  slightly 
smooth  the  surface.  The  lacquered  ob- 
ject is  then  inclosed  in  an  air-tight  press, 
so  as  to  prevent  any  dust  from  adhering 
to  the  freshly  lacquered  surface. 

When  the  lacquer  is  sufficiently  hard- 
ened, the  article  is  taken  out ;  the  part 
over  which  the  gold  dust  has  been  sprin- 
kled receives  a  coat  of  transparent  var- 
nish (Suki  urushi)  laid  on  with  a  fine 
brush  ;  and  a  further  portion  is  prepared 
with  a  coating  of  gold  dust,  as  before. 
The  article  is  then  again  closed  up  in 
the  air-tight  damp  press,  until  it  is  dry. 
As  soon  as  the  portion  which  has  re- 
ceived the  second  coat  of  lacquer  over 
the  gold  dust,  is  quite  hard,  it  is  rubbed 
smooth  with  a  piece  of  hard  charcoal 
made  from  camellia  wood  (Hoiioki), 
until  the  whole  is  level  with  the  sur- 
rounding parts.  Then  it  is  rubbed  with 
the  finger  and  some  finely  powdered 
whetstone  and  deer's  horn,  with  a  very 
small  quantity  of  oil,  till  it  attains  a  fine 
polish.     If  upon  this  surface  any  further 


work  has  to  be  done,  such  as  the  veining 
of  leaves,  or  the  painting  of  parts  of 
flowers,  these  are  traced  in  lacquer  and 
covered  with  gold  dust,  and,  when  dry, 
tlie  final  polish  is  given  with  the  finger 
and  powdered  deer's  horn. 

Imitations 

In  recent  years  cheap  imitations  of 
gold  lacquer  have  been  introduced  by  the 
admixture  of  bronze  or  tin ;  and  the 
goods  of  this  kind — which  are  made  es- 
pecially for  the  holiday  trade — are  not 
infrequently  passed  off  by  unscrupulous 
dealers  as  genuine  examples  of  gold 
lacquer.  Thus,  in  endeavoring  to  culti- 
vate a  taste  for  the  beautiful  through 
gifts  of  this  character,  there  is  danger 
of  encouraging  the  tricky  manufacturer, 
who  is  not  above  substituting  the  imita- 
tion for  the  real  article. 

The  Wood  and  Its  Treatment 

The  wood  generally  used  by  the  Jap- 
anese for  lacquer  work  is  prepared  from 
a  coniferous  tree  named  Chamcecypwis 
obtusa.  It  is  prepared  in  various  ways, 
according  to  the  class  of  work  on  hand. 
In  the  manufacture  of  JVakasa  ware, 
the  wood  is  first  carefully  smoothed,  the 
corners  of  the  box  (which  we  will  sup-, 
pose  to  be  the  object  to  be  lacquered) 
being  strengthened  by  gluing  pieces  of 
cotton  or  hemp  cloth  around  them  with 
raw  lacquer.  All  joints  and  imperfec- 
tions are  then  filled  up  with  a  kind  of 
putty  called  Tsugi  urushi.      The  box  is 


Lacquered  Panel,  with  Mountains  and  Pine  Trees  in 

Raised  Gold  Relief.— Lacquered  Bowl  (top  and 

bottom).  Bearing  Stork  and  Chrysanthemum 

Designs.— Writing-Case  in  Raised 

Gold  Lacquer. 
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Lacquered  Hat-Box. 


mother-of-pearl,    black    horn    delicately 
carved,  coral,  and  even  small  pieces  of 


fine  stones ;  moreover,  gold  leaf  or  silver 
leaf  is  often  laid  down  in  little  squares, 
and  cut  to  suit  the  patterns.  Little  flat 
objects  of  pottery  or  porcelain  are  also 
1.  !  into  the  black  ground.  This  is  es- 
pecially noticeable  in  the  splendid  wares 
made  by  the  artist  Korin  in  the  seven- 
tei  nth  century,  and  his  followers. 
(  ai  ved  black  and  red  lacquer,  like  that' 
made  in  China,  is  also  made  in  Japan. 

The  illustrations  used  in  •  connection 
with  this  article  show  some  beautiful 
lacquered  objects  in  the  collections  on 
exhibition  in  the  National  Museum  at 
Washington,  including  parts  of  the  cele- 
brated Capron  and  Fred  May  collections  ; 
also  a  very  handsomely  decorated  violin- 
case  belonging  to  Mr.  T.  W.  Smillie  of 
the  National  Museum,  who  kindly  had  a 
photograph  of  it  specially  made  for  this 
article. 
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THE  HANDICRAFTSMAN 


/^V     fy  AITH  steady  eye,  and  firm,  deft-muscled  hand, 
^-^  ,f'_  /X    /  He  plies  his  task.       Each  skilful  stroke  and  clean 

^S  Gives  shape  to  that  his  inward  sight  has  seen. 

And  fashions  forth  the  perfect  thing  he  planned; 
His  handiwork's  fair  forms  about  him  stand 
In  simple,  solid  honesty;  serene 
And  calm  his  face,  and  dignified  his  mien. 
His  being  poised  in  cheerful  self-command. 


In  this  late  era,  ruled  by  greed  and  rage. 
When  labor,  void  of  honor,  whines  in  dole. 

The  master  of  his  craft  restores  an  age 
When  each  man  wrought  what  pleased  him,  strong  and  whole- 

When  joy  of  doing  was  its  own  best  wage. 
And  all  his  work  revealed  the  •workman's  soul. 


-MARGARET  ASHIvIUN,  in   The  National  Magazine. 


How  Artificial  Ice  is  Made 

Modi  in  Systems  Popularly  Described    Some  Applications  to  Social  Amusement 
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In  the  manufacture  of  artificial  ice  for 
commercial  purposes,  two  distinct  meth- 


■  \  1 1  i  pi 


the  I  i  unted  in  t' 

hborln »'  !  of 
I  in  all  probability  will 
v  with  th<  iulatii  »n 

■ 
Tl 

but  we  know 
that  natural  ic  iently  taken  fi 

lakes  or  ri  luted  with 

r.   which,   when   th< 
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MAMMOTH  CAKE  OF  ARTIFICIAL  ICE,  16  FEET  LONG,  8  FEET  WIDE,  12  INCHES  THICK. 

A  finished  plate  clear  as  French  glass. 


in  the  course  of  time  a  coating  of  ice 
will  form  on  the  inside  of  the  cans,  and 
that  after  a  certain  length  of  time  a  solid 
block  of  ice  will  thus  be  produced  in  each 
can.  The  weight  of  the  cakes  may  vary 
considerably.  They  are  made  of  differ- 
ent sizes,  all  the  way  from  25  pounds  to 
500  pounds  in  weight,  300-lh.  cakes  being 
the  average.  By  the  use  of  small  cakes 
— such  as  those  weighing,  say,  25  lbs.  or 
50  lbs. — a  whole  row  of  cans  can  be 
taken  out  at  the  same  time.  The  freez- 
ing tanks,  in  this  case,  are  generally  di- 


vided by  a  horizontal  partition  into  two 
compartments,  the  lower  one  containing 
the  expansion  coils,  while  the  cans  are  in 
the  upper  one.  There  is  a  passage  from 
one  compartment  to  the  other  at  each  end 
of  the  tank.  The  brine  is  pumped  by 
means  of  a  propeller  into  the  upper  com- 
partment ;  it  circulates  around  the  cans, 
and,  becoming  heated,  flows  down,  to  be 
cooled  again  by  the  expansion  coils.  Each 
row  of  cans  across  the  tank  is  enclosed  in 
a  frame,  so  that,  when  one  row  is  frozen, 
the  whole  row  can  be  lifted  out  by  the 


ELECTRIC  CRANE  HOISTING  FOURTEEN  300-LB.  BLOCKS  OF  ICE. 
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cranes.     Each  tank  is  provided  with  one 
or  two  pn  ■-.  which  keep  the  brine 

in   motion,    so   that    the    temperatur< 

I  over  the  cans  and  is 
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f  the  ammonia  in  the  coils. 

Distillation  and  Filtration 

When  natural,  unti  water  ;     u 

in  the  manufacture  we  find  that, 
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and    impurities    which 
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tained  in  the  water  arc  driven  to  the 
center  and  form  the  core  of  the  finished 
product.  This  ice  always  looks  white 
and  opaque,  but  may  be  used  for  pack- 
ing purp<  ises. 

When  ice-making  was  in  its  infancy, 
this  kind  of  ice  was  always  produced, 
but  later  a  Letter  product  was  demanded. 
It  was  soon  discovered  that  transparent 
ice  could  be  produced  by  agitating  the 
water  during  the  process  of  freezing. 
This  was  d^iie  by  metal  bars  which  were 
lifted  up  and  down  in  the  cans  by  means 
of  a  shaft  provided  with  a  number  of 
cranks ;  or  a  current  of  cold  air  was 
forced  through  the  water  by  means  of 
a  perforated  pipe,  which  air.  rising  in 
bubbles  through  the  water,  produced  a 
circulation  in  the  can.  Neither  of  these 
arrangements,  however,  any  more  than 
several  others  that  were  tried,  found 
much  favor  in  practical  use. 

The  most  approved  modern  method 
of  making  transparent  ice,  is  to  deprive 


purpose  of  ice-making,  as  it  would  re- 
quire an  excess  of  fuel  if  steam  were 
taken  directly  from  the  boiler.  The 
steam,  of  course,  has  to  be  deprived  of 
all  traces  of  lubricating  oil  with  which 
it  may  have  become  impregnated,  this 
being  effectually  accomplished  by  grease 
separators  of  very  simple  construction. 
After  the  steam  thus  filtered  is  con- 
densed, the  water  is  again  filtered  in 
order  to  purify  it  thoroughly. 

A  brief  description  of  a  complete  ice 
plant,  as  illustrated  in  the  accompanying 
cut  (p.  717),  using  a  complete  system  of 
distilling  and  filtering  apparatus  neces- 
sarv  to  produce  "Hygeia  ice,"  wall  un- 
doubtedly prove  of  interest. 

Details  of  a  Modern  Plant 

We  begin  with  the  well-water  pump, 
which  is  located  in  the  boiler  house  at 
the  extreme  right.  The  water  is  partly 
discharged  through  a  riser  to  the  top 
of  the  building,   into   the   storage  tank. 


ICE  CHUTE  AND  SPRINKLING  APPARATUS. 


the  water  of  its  air  before  it  enters  the 
cans.  The  plan  most  generally  adopted 
in  first-class  ice  plants  to-day,  is  to  dis- 
till water  under  the  exclusion  of  the  at- 
mosphere. In  order  to  economize  in 
fuel,  it  has  been  found  advisable  to  use 
exhaust  steam  from  the  engine  for  the 


This  water  flows  over  the  ammonia  con- 
denser, is  collected  in  the  drip  pan,  passes 
through  the  steam  condenser  on  the  floor 
below,  and  is  then  led  away  to  the  sewer. 
Part  of  the  water  is  also  pumped  through 
a  sand  filter,  located  in  the  engine  house, 
whence  it  rises  to  the  third  floor  to  be 
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heated    in    th<  r.     From  the 

heater  it  is  K<I  to  the  feed-water  collector 

in  the  I  whence  it  is  drawn 

•  ■ft  by  the  boil  !  pump  and  pumped 

into  the  boilers.  It  leaves  the  boiler 

the   fori  For  tl           ious' 

pun                   •  1  in  the  illustration,  but 
chiefly  fi  r  th 


which  causes  th*.-  water  to  boil.    The  im- 
purities  ate  driven  tc.  tin.-  surface,  wl 
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to  the  sev» er,  w hile  the  air  and 
led  by  a  .  int< i  t'  r  air. 

Fn  'in  th<  iter 

•  Ire;  n  to  the  floor  below,  passing 

through  the  condensed  wat  r,  and, 
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The  exh  :rom  th<    engine, 

combined   with  that   from  the  auxiliary 

utside   the   building, 
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which,  as  we  ha-.  -  through 
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denser by  means  of  the  cooling  w 
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reboiled  in  the  reboiler,  in  order  to 
it   entirely   from   air  and   impuriti 
live  steam  coil  is  placed  near  the  bottom, 


after    becoming    cooled,  enters  the  de- 
odorizer  "i-   charcoal    filter    for    the 
tion  of  the  last  remaining  impuril 

This    forms  the   last    step   in   the   • 

distillation    and    filtration,    and    the 

water   now  enters   the  cold-storage  tank. 

From  lure  it  is  fed  by  a  hose  to  an  empty 
can.  as  requii 

For  filling  the  cans  with  the  water 
be    fr<  izi  n,  a   "can   filler,"  lied,   is 

;.       It    is    important    that    the    v 
should  fill  the  fans  without  am 

therwise  air  mighl  b  rbed.   The 

filler  principally  of  a   p 

pipe  connected  to  the  1 
the   -•   •         •  ink.     It  is  i:  in  the 
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ST.  NICHOLAS  SKATING  RINK,  NEW  YORK  CITY. 
Showing  pipes  before  flooding. 


catch  at  the  adjusted  height,  and  the 
valve  closes. 

The  now  thoroughly  purified  and  dis- 
tilled water  must  be  left  in  repose  for 
a  time  varying  according  to  the  size  of 
the  cakes — usually  50  to  60  hours  for 
300-lb.  cakes.  After  this  interval  of 
time,  the  can  is  lifted  by  a  hoist,  and  run 
down  the  tank  room  by  the  ice  crane  to 
the  sprinkler,  where  it  receives  a  shower 
hath  of  warm  water.  When  loosened, 
the  cake  drops  out  by  force  of  gravity, 
and  glides  into  the  ice  storage  room. 

The  cake  of  transparent  ice  remains 
in  the  ice  storage  room  until  near  the 
time  for  the  wagons  to  appear  at  the 
loading  platform.  The  ice  storage  room 
is  supplied  with  refrigerating  pipes,  so 
that,  if  the  demand  for  ice  fluctuates, 
the  cakes  will  he  preserved  intact  and 
can  remain  for  weeks  and  months  in  the 
storage  room. 

Water,  which  has  in  this  way  gone 
through  a  complete  process  of  distillation 
and  filtration,  does  not  always  make 
perfectly  clear  ice,  without  core,  taste, 
or  flavor.  Ice  may  be  practically  pure, 
and  yet  be  marked  by  these  defects. 

A  white,  milky  appearance  of  the  ice 
is  generally  the  result  of  the  presence 
of  air  in  the  distilled  water,  which  may 
have  been  due  to  deficient  boiling  or  to 
any  one  of  many  other  causes.  Fre- 
quently white  spots  are  due  to  leaks  in 
the  cans,  through  which  brine  has  been 


allowed  to  mix  with  the  water.  A  salty 
taste  of  the  ice  will  readily  show  their 
cause,  which  can  be  removed  by  mend- 
ing the  cans. 

A  red  core  in  the  ice  is  due  to  iron 
rust  which  has  formed  in  the  system  dur- 
ing short  stoppages.  It  may  be  separated 
by  means  of  small  sand  filters,  or,  bet- 
ter still,  sponge  filters. 

Quick  melting,  observed  in  some  man- 
ufactured ice,  is  generally  due  to  the 
fact  that  the  cakes  are  incomplete — that 
is,  have  not  completely  closed  in  the  cen- 
ter. 

Plate  System 

Can  systems,  whatever  may  be  their 
modification  in  detail,  are  substantially 
alike  in  all  important  respects ;  while 
plate    systems    comprise    three    distinct 


"Ice  Railway"  at  World's  Fair,  Chicago,  1893. 
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the  Brine  Plat  tern,  the  I  >ry 

PI;  stem,  and  the  Block  sj  stem. 

Th  tern,  as  illustrated  in 

the  a  pan)  ing  cut  (p.  7  \"}  I .  1 

the  method  used  in  the  can  plant.    The 

e>  tank  is  filled,  not  with  brine,  but 

witl  water  to  be   fr<  izen  :  and  the 

zing   pi  utwardl)    from   iron 

plates  closed  at  the  edges,  between  which 
brine  is  refrigerated  by  ammonia  coils.  By 
>!•  »w  freezing,  the  ice  formed  will  be  even 
and  clear,  until  at  the  end  of  ten  to 
twelve  'lays   the   large   cakes,    weighing 

nil  tons,  are  ready  for  harvest.  The 
cold  brine  being  then  pumped  from  be- 
tween  the   plates,   and    warm   brine   cir- 


ri at  tl 

tills  all   the   small 
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n  with  the  outsi 
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tion,  the  tank  being  filled  witli  water  to 
the  overflow  line,  the  expansion  vah 
opened,   until  ugh    the 

coil.     When  the  ly  to  b 

OUt,    hot    gas    is    admitted     to     tin 

king  the  frost  bond  and  making  the 
ice  float. 


ST.  NICHOLAS  SKATING  KINK.  NEW  YORK  CITY. 
A  t -.[.ic.il  scene  when  the  rink  is  thrown  open  after  flooding  and  freezing. 


culatod,  the  ice  will  loosen  from  the 
plates,  to  be  grappled  by  heavy  chains, 
lifted  by  a  power  crane,  and  transferred 
to  the  cutting  table  to  be  cut  up  by  saws 
into  suitable  siz< 

The  brine  tanks  are  heavily  built  of 
1.  and  are  divided  by  bulkheads  into 
sections,  which  are  consecutively  har- 
vested each  day  as  th  '  zing  pro- 
gress The  progress  of  the  freezing 
is  recorded  each  day,  and  measurements 
for  this  pur]  taken.  They  are 
entered  on  a  daily  record  sheet,  together 
with  the  corresponding  weight  of  ii 

In   the   dry  plate   system   no   brine   is 
used.     The  plate  is  built  up  on  expans 
coils    faced    with    steel   plates.      The   lat- 


The  block  system  is  identical  with  the 
dry  plate  system   in   all    respects    as    to 

zing.  It  differ-  only  in  the  method 
of  harvesting.    There  are  no  steel  plates 

I,  hut  the  naked  expansion  coils  are 
held  in  place  by  steel  straps  at  intervals. 
The  expansion  valve  being  opened,  ice 
forms  directly  on  the  coils.  In  a  short 
time  the  pipes  will  he  frozen  together; 
and  the  freezing  will  progress  outwardly 
until  there  is  formed  a  mass  of  ice  with 
parallel  faces  and  of  the  required  thick- 

3,  usually  from  24  to  28  inches.    The 

of  ci >urse,  fn  1  the  1>' ittom  and 

sides  of  the  tank.  SO  tli.it  each  coil  forms, 
for  the  time  being,  a  water-tight  bulk- 
head. 
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When  the  ice  is  of  sufficient  thicki* 
the  harvesting    commences;     A    vertical 
11  cutter  cuts   its  way  down  to  the 
the  tank.     Each  cut  is  made 
at  the  same  time  along  the  face  of  the 
nd  at  right  angles  thereto,  releas- 
ing two  or  more  blocks  of  ice.    The  cut 
having  hem  complete,  the  cutting  frame 
Lnd  removed  to  the  next  posi- 
tion.     The   blocks,    when   cut    from   the 
;   remain  attached  to  the  bot- 
tom of  the  tank.     Therefore  the  tank- 
man has  to  pry  the  top  of  the  cake  away 


Cold  Air  Discharge. 
St.    Nicholas   Skating   Rink. 


with  a  chisel-bar,  which  cleaves  it  loose 
from  the  bottom  of  the  tank,  whereupon 
the  block  floats. 

Interesting  Applications 

The  manufacture  of  ice  has  led  to 
some  very  interesting  applications  in  the 
field  of  sport  and  amusement,  of  which 
we  mention  the  so-called  "Ice  Railway" 
at  the  Chicago  World's  Fair.  This  rail- 
way, as  shown  in  the  illustration,  was 
what  may  be  termed  a  toboggan  slide. 
irding  opportunity  to  take  a  sleigh 
ride  in  midsummer.  The  sleighs  were 
drawn  up  the  hill  by  an  automatically 


working  cable  system,  then  were  released 
and  returned  by  gravity  down  hill, 
around  the  engine  house  to  the  starting 
point.  The  ice  was  produced  by  two  re- 
frigerating machines  of  ioo  tons'  ca- 
pacity.  The  track  was  four  feet  wide 
and  about  900  feet  long.  There  were 
eight  two-inch  pipes  on  the  track,  which 
were  covered  by  flat  iron  bars  resting 
on  the  pipes  close  together  and  forming 
the  surface  when  covered  with  ice.  Am- 
monia was  evaporated  in  the  pipes. 

Another  industry  might  be  mentioned, 
in  which  the  manufacture  of  ice  has  be- 
come a  prominent  factor.  Here,  in  the 
home  of  all  sports,  it  was  sufficient  only 
to  speak  of  the  possibility  of  an  artificial 
skating  rink,  in  order  to  have  it ;  and  so 
we  now  find  skating  rinks  erected  in 
almost  every  large  city.  A  short  de- 
scription of  the  St.  Nicholas  Skating 
Rink,  in  Xew  York — probably  the  most 
prominent  one  from  a  technical  stand- 
point— will  serve  to  illustrate  this  appli- 
cation of  mechanical  refrigeration  to  the 
function  of  social  amusement. 

The  plant  is  based  on  the  brine-cooling 
system.  A  system  of  pipes  is  spread  out 
on  the  floor,  and  brine  is  forced  through, 
them  after  it  has  been  cooled  in  brine 
coolers  by  means  of  ammonia  expansion 
coils.  The  pipes  are  ij4  inches  in  di- 
ameter, and  are  laid  four  inches  apart. 
The  temperature  of  the  brine  is  kept  at 
10  to  12  degrees  F.  The  pipes  rest 
on  a  carefully  insulated  floor,  to  avoid 
any  possible  transmission  of  heat  from 
the  under  side. 

It  is  the  aim  to  keep  the  ice  surface 
as  close  to  the  pipes  as  possible,  and  three 
inches  is  regarded  as  a  desirable  thick- 
ness. In  order  to  form  the  ice  surface, 
the  pipes  are  first  sprinkled  with  water, 
which  will  freeze  until  one  pipe  is  frozen 
to  the  next  one  in  a  solid  mass.  Then 
more  water  is  added,  and  so  gradually 
a  smooth  surface  is  produced. 

For  little  repairs,  the  surface  is  first 
brushed,  and  is  then  sprinkled  with  hot 
water,  which  melts  the  remaining  snow 
in  the  small  cracks  and  produces  a  per- 
fectly even  surface  again.  This  is  done 
three  times  a  day,  so  that  just  that  many 
times  a  new.  smooth  surface  is  ready 
for  the  eager  skater. 

In    summer   time   the   skating   rink   is 
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The  Music  That  Carries 

^i   VE   toiled    with   the   men   the  world    has    blessed, 
j  I  And  1  ve  toiled  with  the  men  who  failed; 

I  ve  toiled  with  the  men  who  strove  with  zest. 


And  I  ve  toiled  with  the  men   who  wailed 
And  this  is  the  tale  my  soul  would  tell. 

As  it  drifts  o'er  the  harbor  bar: 
The  sounds  of  a  sigh  don  t  carry  well. 

But  the  lilt  of  a  laugh  rings  far. 

1  he  men  who  were  near  the  grumbler's  side, 

O.  they  heard  not  a  word  he  said; 
The  sound  of  a  song  rang  far  and  wide. 

And  they  harkened  to  that  instead. 

ncs  were  sweet  as  the  tales  they  tell 

Of  the  rise  of  the  Christmas  star 
The  sounds  of   a  sigh  don  t  carry  well. 

But  the  lilt  of  a  laugh  rings  far. 


>u  would  he  heard  at  all.  my  lad. 
K  :ep  a  laugh  in  your  heart  and  thr.' 
For  those  who  are  deaf  to  accents  sad 

Are  alert  to  the  cheerful  note. 
keep  hold  on  the  cord  of  laughter's  bell. 
p  aloof  from  the  moans  that  mar; 
The  sounds  of  a  sigh  don  t  carry  well. 
But  the  lilt  of  a  laugh  rings  far. 

—STRICKLAND  W.  Gill  II  AN,  in  Success 


'KE  GIVING  SIGNAL  OF  APPROACH  OF  A  FOREST  FIRE. 


The  Fire  Fiend  of  the  Forest,  and  His  Allies 

Destruction  Wrought  by  Forest  Fires— The  Problem  of  Their  Prevention 


By   JOHN  ELFRETH  WATKINS 

Special  Correspondent,  The  Technical  World 


THE  fire  demon  of  the  forest  is 
costing  us  anywhere  from  $25,- 
000,000  to  $50,000,000  each  year. 
In  view  of  this  tremendous  trib- 
ute, paid  not  only  by  the  Federal  and 
State  governments,  but  by  individual  citi- 
zens, the  Forestry  Bureau  of  the  De- 
partment of  Agriculture  has  been  waging 
a  relentless  warfare  upon  that  dread  van- 
dal. 

Forestry  experts  have  been  dispatched 
to  his  sylvan  realms.  They  have  gone 
in  the  early  days  of  the  dry  season," and 
camped  in  those  regions  where  his  rav- 
ages are  almost  sure  to  be  felt.  In  the  vast 
forest  areas  of  Minnesota,  Wisconsin, and 
.Michigan,  of  Georgia,  Florida,  and  Ala- 
bama, they  have  awaited  his  approach, 
camera  and  notebook  in  hand.  The  same 
observation  work  was  later  inaugurated 
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along  the  verdant  slope  of  the  Pacific 
Coast.  Hitherto  the  Government's  agents 
have  waited  until  the  havoc  was  wrought, 
before  taking  the  field  ;  but,  a  vear  a?o 
last  spring,  Chief  William  L.  Hall,  of  the 
Division  of  Forestry  Extension,  made  a 
declaration  of  war  in  which  he  specified 
that  the  scourge  of  the  woodland  was 
to  be  taken  red-handed  and  bearded  in 
his  very  den. 

Up  to  the  past  year,  scientific  notions 
as  to  forest  fires  were  but  vague  and  gen- 
eral. Local  experts  had  to  be  relied  upon 
for  diagnoses  and  post-mortems. 

Some  Figures  that  Tell 

Eighteen  human  lives  and  $12,767,100 
in  property  was  the  tribute  to  the  fire 
demon  which  a  restricted  area  in  the  red 
fir  region  about  the  Columbia  river  paid 
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ntly,  in  a  single  fortnight.     Vnd  this 
is  but  one  instance.    The  statistics,  how- 
ever, ai  ue :  the)    have  never  I 
tabulated    for   the   nation   at    large.      In 
the  spring  of  [903,  over  600,000  acn 

-t  lands  in  northern  New  York  were 
burned  over.  About  $175,000  was  spent 
in  fighting  the  fires,  which  nevertheless 
could  be  tmally  extinguished  only 
through  the  intervention  of  heavy  rains. 
The  total  direcl  1 —  was  approximately 
$3.500, But  in  none  of  these  esti- 
mates is  taken  into  consideration  the  indi- 
rect  loss  due  to  the  destruction  of  young 
growth,  which  \\a>  to   form  the   future 

st,  or  the  injury  to  tin.    foresl 
caused  by  the  burning-out  of  vegetable 
matter    indispensable    to    healthy    tree 
growth. 

The  Fatal  Chain  of  Causes 
\   chain  of  circumstances  contributes 
the  cause  of  our  greatest  forest  fires.  The 

:eding  summers  are  often  wet,  thus 
interfering  with  the  burning  of  "slash- 
ings."    In  tli i s  way  an  unusual  amount 

debris  is  sometimes  allowed  to  ac- 
cumulate. Next  follows  a  summer  un- 
usually dry,  and  leaving  the  forests  veri- 
table tinder-boxes.  <  >nly  a  spark  is 
needed  to  start  rolling  and  roaring  on  its 
deadly  course  a  tidal  wave  of  unsparing 
flame. 


Forest  Fire  at  a  Distance. 


relessness  adds  the  -park,  in  the  I 
ical  case.  Hunters,  anglers,  other  camp- 
ers, or,  perhaps,  berry-pickers,  decamp 
without  first  treading  out  every  ember  of 
the  tires  thai  have  boiled  their  kettles- 
Tobacco  pipes  are  knocked  oul  against 
tree  trunks,  and  lighted  cigar  stumps  are 
carelessly  thrown  away.  Burners  of 
"slashings"  allow  their  bonfires  to  grow 
n<l  control.  .Many  sparks  are  con- 
tributed, too,  by  the  iron  horse,  the  close 
all)  '  if  the  fire  demon  1  if  the  fi  irest. 

Then,  again,  Jove  hurls  his  thund 
bolts  at  the  peaceful  heart  of  some  vast 
woodland.  Volcanic  action,  within  the 
memory  of  white  pio 
nei  rs  1  if  the  Northwest, 
has  smitten  the  flint  to 
make  one  of  these  giant 
tinder-boxes  a  roaring 
furnace.  Sheep  herders 
in  the  grazing  districts 
spread    fires    within    the 

forest    belts    in    order    to 

encourage  the  growth  of 
h  grass.  Spontane- 
ous combustion  occasion- 
ally lends  its  unlooked- 
for  hand.  Flames  from 
the  f  hunters  have 

destructive  factors. 
An  insane  man  kindled 
a  New  York  foresl  fire 
in  ity  12.  Indeed,  the  re- 
cti into  1  '  fire 
causes  has  been  well 
spiced  with  variety. 

Th(  d   of    for 

fires  has  come  in  for  a 


726 


THE    TECHNICAL    WORLD 


share  of  the  recent  study.  So  rapa- 
cious  is  the  fire  fiend  of  the  woodland 
that  he  can  devour  vast  expanses  at 
i  averaging  ten  miles  per  hour, 
maintained  and  unabated  for  days  at  a 
time.  Neither  man  nor  beast  can  hope 
to  flee  before  such  an  onrush,  without 
artificial  aid.  I  [ence  all  denizens  of  the 
deep  interiors  of  vast  forests  thus  in- 
vaded, must  perish  unless  they  find  ref- 


devours  these,  great  forked  tongues  of 
flame  are  seen  to  flash  from  his  jaws  and 
often  to  span  rivers  or  even  lakes.  Some- 
times he  hides  for  weeks  in  the  heart  of  a 
punky  log,  and  there  awaits  conditions 
favorable  to  a  wholesale  outbreak. 

Some  whispering  sentinels  of  the  for- 
est are  provided  by  nature  with  an  armor 
resisting  the  sharp  tongue  of  the  fire 
demon.     These  are  the  thick-bark  trees. 


GROUND  FIRE  IN  A  FOREST. 
Such  a  fire  as  this  often  undoes  five  centuries  of  Nature's  handiwork. 


uge  in  some  lake  or  stream.  In  the  moun- 
tains, the  fire  demon  of  the  forest  is 
found  at  the  height  of  his  madness,  and 
there  he  travels  much  faster  uphill  than 
downhill,  or  than  on  a  level  stretch. 
This  being  the  antithesis  of  his  animate 
victims'  abilities,  they  fare  worst  in  the 
mountain  forests. 

This  monster's  tongue  of  flame  often 
lashes  to  a  height  of  ioo  feet  above  the 
tree  tops,  or  200  feet  above  the  ground. 
His  fevered  breath  ascending  will  often 
lap  the  calm  of  a  summer  dav  into  a  roar- 
ing wind,  which  hastens  his  flight.  Resin 
and  turpentine  but  whet  his  appetite,  and 
sometimes  he  evolves  ahead  of  him  large 
clouds   of   inflammable  gas.     When   he 


But  sometimes  even  the  giant  trees  of 
California  are  gutted  by  this  vandal,  who 
leaves  onlv  their  outer  shell  of  bark  to 
tell  the  tale. 

Effects  on  Seedlings 

In  a  fire-swept  forest,  not  only  the 
full-grown  trees  ready  for  the  wood- 
man's axe,  not  only  the  germinating  seed- 
lings— the  embryo  forests  of  future  cen- 
turies—but also  the  seed  itself,  goes  to 
appease  the  fiery  fiend's  insatiable  appe- 
tite. Field  experiments  to  test  thorough- 
ly the  damage  to  seed,  have  recently  been 
made  by  the  agents  of  the  Forestrv 
Bureau.  They  have  scattered  the  fores't 
seed  over  parcels  of  ground  staked  off 
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for  the  pui  and  have  subsequent^ 

set   fire  to  the    area    thus    sown.     The 


lnii 
burned 


FOREST  FIRE  AT  NIGHT.— PHOTO  TAKEN  AT  '•>  P.  M. 

In  this  lire.  M  •  and  his  Mr.  of  '    or  Indian  lost  their  lives.    They 

w-reon  an  outin..  ebec  hinterlao  n  Like  St.  John  and 

ant  that  drains  the  Lac  4*s  Crantlet  i 

river,  about!  th  of  thee  dec.  There  the  fire  caught  them.    It  ■•■  •  ns 

,  lently  started  by  lightning  among  the  I  'ad  Lanrentian  hills,  and  it  d  out 

1,000 square  miles.    Its  approach  could  be  heard  miles  tb  about 

two  hours  of  grace — to  tind  refuge  in  shallow  water  on  a  bar  extending  some  1'*  md  dis- 

tant about  s  'juarter  of  a  mile  from  the  opposite  shore.     TIp 
A  wind,  blowing  from  across  the  water,  ki  .  butthen 

of  suffocation,  and  the  temperature  rose  to  110°,  or  about  45  ibove  normal.     Tl. 

graph  was  taken  at  0  p.  m.,  at  the  tit 
on  the  opposite  hank.    Smoke  obscured  sorm  Dtheorigil 

as  the  reader  will  observe— slight  retouching  :  but  this  photograph  is  in  u  •  rts  the 

most  remarkable  forest-fire  picture  ever  taken,  and  1.  before  been  published. 


charred  seed  has  been  sent  to  tl 
Laboratory  of  the  Department  of  Agri- 
culture, where  their  germinating  power  is 


back,   arc   being   studied    and   comps  i 
that  th<  •  of  forest  lire-  upon 

seedling  tret--  may  \>c  determined.    Thus 
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A  FOREST  FIRE-LANE. 


is  being  rated  the  exact  space  of  time 
required  by  Nature  in  the  first  stages  of 
■ration  after  such  catastrophes.  In 
the  forests  of  the  North,  it  has  been  noted 
that  where  white  pine  is  burned  off  it  is 


usually  succeeded  by  brush  growth — 
aspen,  cherry,  and  birch — trees  prolific  in 
those  sorts  of  seed  which  are  distributed 
most  readily  by  the  wind  and  by  the 
feathered  denizens  of  the  forest. 


IN  THE  WAKE  OF  THE  FIRE  DEMON. 
Great  sentinels  of  the  forest  burned  at  the  roots  and  felled. 


THE 


It  imated  that  a  I   requii 

in  which,  b)   the 
tion,   to   d 

etation, 
or   ;  >t,   that  the 

an,  th>  de- 

ii    it     I 
onl)   h  table  f 1  directly,  but  in- 

directly 1 1  i  s  soun  niinal  food  which 

thri  wth.     Yet,  in  a 


In 
pani 

m  botl 
such  fin 
of  tin-  riphl  of  u.i\ .     ! '■ 

■ 
Southern  wher 

burned 
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FOREST  IIKE  1IGI1TLRS  AT  WORK. 


few  hour-,  this  accumulation  of  thre< 
five  centurii  -  maj   be  lapped  up  by  the 
unsparing  toi  [  the  fire  demon  and 

left  unfit  f"r  future  agriculture 

Methods  of  Pighting  Fire 

Fire     lane-  —  clean  d  wide 

enough  to  halt  fires — are  common  in  Eu- 
rope, where  they  divide  the  greal 
into  sections,  to  any  one  of  which  a  h 
caust  can   be  restricted.     Unfortunately 

there  are  no  g 1  examples  of  these  fire 

lanes  in  thi>  country,  where,  through  a 
sense  of  false  economy,  they  arc  uvner- 
ally  regarded  as  an  expensive  luxury. 
They  must  he  kept  open  and  free  from 
brush,  and.  although  demanding  a  ; 
odic  expenditure,  would  undoubtedly  in- 
sure  a    saving   in    the    long    run.      They 


ing,   forest  tier-  are  often  pr  1  by 

spaces  hoed  about  them. 

More  scientific  tactics  are  needed  by 
the  American  forest  fire  fighter.  The 
most  advantag  method  mbating 

woodland  hoi     .  usually  to  throw 

earth  upon  ground  tire-,  while  trenching 
and  "back-firing"  is  being  i  I  ahead 

of  the  coming  blaze.    Back-firing  con 
in  kindling,  in  advai  the  main  tidal- 

wave  of  flame,  a  fire  which  can  be  kept 
under  control,  and  which,  by  dint  of 
kindling,  can  be  «  :k  against  the 

wind  until  it  meets  the  advancing  wall  of 
the  foresl  fire  proper.  For  this  same 
purpose,  rings  of  fir  burned  al 

forest  vill 

Forest   fire  fighters   should  commet 
operations  at  some  natural  vantage  point. 
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Hoeihg  a  Clearing  about  Forest  Trees,  Prior  to  Burning  for 

Grass  Improvement, 

A  Southern  means  of  protection. 

where  the  speed  of  the  onsweeping  tor- 
rent of  blaze  will  slacken.  Thus  (inas- 
much as  a  forest  tire  will  burn  faster  up- 
hill than  downhill),  a  downward  slope 
should  he  chosen  as  a  base  of  operations. 
A  broad  stream,  of  course,  is  the  very 
best  vantage  point  to  be  found.  During 
the  terrible  forest  fires  in  Washington 
and  (  >regon,  September,  1902,  people 
were  found  huddled  together  in  the 
streams,  for  refuge. 

Historic  Instances 

The  most  fatal  forest  fires  in  the  his- 
of  the  United  States  occurred  in 
Hinckley,  Pine  County,  Minnesota,  Sep- 
tember. [894.  In  that  town,  418  people 
were  burned  to  death.  Eighteen  lives 
were  lost  through  forest  fires  in  Wash- 
ington and  Oregon  in  1902.  For  some 
details  of  this  last  serious  series  of  forest 
fires,  the  writer  is  indebted  to  Mr.  Wm. 
T.  Cox,  special  agent  of  the  Forestry 
Bureau,  who  made  a  field  investigation. 

When  the  fire  swept  along  the  north 
fork  of  the  Lewis  river,  in  Cowlitz  Coun- 


ty, Washington,  it  at- 
tained its  greatest  veloc- 
ity. This  was  on  Sep- 
tember 11,  1902.  It  was 
here  that  a  party  of  nine 
pleasure  seekers,  who 
had  been  camping  at  the 
foot  of  Mount  St.  Hel- 
ena met  a  tragic  fate. 
They  were  driving  ahead 
of  the  fiery  storm  in  an 
attempt  to  reach  Spele-. 
yah  Prairie,  when  they 
suddenly  found  the  nar- 
row road  barred  by  fal- 
len timber.  There  was 
no  escape  for  them,  and 
all  perished  together, 
When  found  by  a  relief 
party,  the  nine  charred 
corpses  lay  close  to- 
gether, near  the  irons — 
all  that  remained — of  the 
wagon.  The  horses  had 
managed  to  get  only  a 
few  steps  from  the 
wagon,  when  they,  too, 
succumbed. 

One  settler,  as  he  left 
his  home  that  morning, 
told  his  wife  that  should  the  fires 
work  dangerously  near,  she  was  to 
take  the  children,  leave  the  slashing  in 
which  the  house  was  situated,  and"  get 
into  the  green  timber,  where  he  supposed 
there  would  be  no  danger.  She  followed 
his  advice;  but  the  fire  swept  the  green 
timber  more  fiercely  than  the  slashings, 
and  the  fire  demon  claimed  four  more  vic- 


Back-Firing  down  a  Mountain  Slope  in  Advance  of  a 
Forest  Fire's  Approach. 


IRE   I  ■ 


In  all, 

the  Lewis  ri> 
surely  have  p< 
Speleyah  Prairi< 
ne  mile  long  by  a  half 
ning  in  th< 

people  en- 
dun  heat  and  survived,  al- 
though ral  men  were  seriously 
burned   and  one   has  become  hopel< 

Hundreds  of  deer    were    believed   to 
have  1'  rrounded  by  fire  and  killed 


and 
ed     meth 
the 
owm  Th< 

At  11    as    the  will 

the   new    researches    in1 

<1  will 
gleaned  as  the  I 

prot  the 

The 
st-fire  1 
sota,     Pennsylvania,  rk, 


and 


ROACHMENl  OF  FOREST  FIRE  UPON  A  SETTLEMENT. 


iii  the  low  range  of  mountains  between 
n  and  Speleyah  creeks.    Many  car- 
were  found  there,  the  number  ol 
game  killed— grouse  and  squir- 
rel reat.     In  the  meadow 
where  some  people  took  shelter  from  the 
flames,   the)    w<  panied   by    six 
black                             ".  and  a  lynx.     At 
another    place,    wher<  ral    famili< 
w,            upying  a  small  clearing,  a  num- 
1„  r  ,  E  d<            k  shelter  with  them.      Vs 
supplies  were  low,  the  animals  were  shot, 
but  one  of  the  nun  said  that  he  would 
her  ha           len  that  much  provisions. 
In    Washington,    I           ttlers    had    their 
homes  burned  :  and   in  <  >regon,  eighty- 
six  families  were  left  homeles 

Work  of  the  Forestry  Bureau- 
Legislation 

The    Federal   Forestry   Bureau,  in  its 
advisor)     capacity,    is    now  esting 


Washington.     Minnesota  long  took  the 
lead    in   this   r<  ,  and   was   the   first 

State  to  appoint  an  official  Fire  Warden 
charged  with  the  la*  cution.    New 

York,    in    [900,    made    provision    for    a 
Chief    Fire    Warden.       [0  its 

water  supply,  Pennsylvania,  in  [897,  pro- 
vided for  the  purchase  of  threi  I  re- 
f  not  less  than  4  ach, 
at  the  heads  of  the  three  principal  river 

the  State.    A  school  for  f< 
wardens,  consisting  of  many  buildii 
was  provided  :  and    vigorous   laws 

with  reference  to  th<  I  fire  problem 

were  passed. 

Washington  ha  further  in  the 

matter  than  any  other  Stale,  by  institut- 
ing a    forest-patrol    system.     Thi 

ntly  done  upon  the  impetus  of  the 

ribed.  The  Stale 
Land  Commissioner  is  made  ex  officio 
f(  irest-fire  warden.    The  comity  commis- 
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sioners,    road    supervisors,    State    land 
cruisers  and   timber  cruisers,  are   made 
ex  officio  deputy  forest-fire  wardens,  for- 
est  patrolmen-at-large,  and   special   for- 
patrolmen,    respectively.     They    ran 
make  arrests  without  warrant.   Each  year, 
during  the  "closed  season,"  when  timber 
lands  arc  most   in  danger   from  fire,  no 
person  may  burn  slashings  or  choppings 
without  written  permission,  after  obtain- 
ing which  all  neighbors  must  be  notified' 
before  the  burning  is  begun.     The  road 
supervisors  must  furnish  men  to  prevent 
the  tire's  spreading.     The  deputies  must 
daily    patrol    the     forests,    post    notices, 
warn  campers,  and  see  that  all  locomo- 
tives and   logging  engines  entering  the 
territory  are  equipped  with  spark-arrest- 
ers;  they    must    extinguish    smoldering 
fires,  and  may  enlist  aid  from  any  person 
near-by.     Anyone   refusing  such  aid  is 
I 'a  hie   to   a   tine   up   to  $20.      Moreover, 
there  are   heavy   penalties    for  allowing 
fires  to  spread,   and.  between  June  and 
<  >ctober,    for  operating  engines  without 
spark-arresters. 

According  to  a  law  now  being  pressed 
before  the  Legislature  of  California, 
which  was  framed  with  the  assistance  of 
the  Federal  Ihireau  of  Forestrv,  fire  war- 
dens shall  have  authority  to  call  upon  all 
able-bodied  citizens  between  the  ages  of 
sixteen  and  fifty  years  for  assistance  in 


putting  out  forest  fires.  Refusal  to  obey 
such  summons  entails  a  fine  of  $15.  Men 
thus  called  upon  to  fight  the  forest  fires 
are  to  be  paid  20  cents  per  hour,  one 
half  being  allowed  by  the  State  and  the 
"ther  half  by  the  county. 

Maine  and  New  Hampshire  are  other 
States     possessing    excellent     forest-fire 
laws.     In  1902.  New  Jersey— than  which 
no   other    State,    in   proportion    to   area 
suffers    more    from    forest    fires— made 
s«  ime  effort  to  deal  with  the  serious  prob- 
lem.    But  the  law  then  passed,  like  those 
which  had  preceded  it,  was  most  inade- 
quate.    Moreover,  the  State  has  not  ap- 
propriated  sufficient  funds   for    the    en- 
forcement of  such  laws  as  it  has.     Many 
other  States  have  good  forest-fire  laws 
but  make   no  attempt  to  put  them   into 
effect.     Hence  they  become  dead  letters. 
I  he  excellent  results  of  the  forest-fire 
patrol  system  have  been  demonstrated  in 
the  federal  forest  reserves,  where  it  has 
been  m  operation  during  the  past  seven 
years.     A\  ithin  this  time  there  has  been 
an  absence   of  serious   fires.      Each  pa- 
trolman is  assigned  to  a  territorv  twelve 
miles  square. 

Effects  of  Forest  Denudation 

Great  forest  fires  have  an  indirect  but 
long-lasting  deleterious  effect  upon 
health  and  climate.  As  a  result,  hot 
waves  periodically  fall  where  they  never 
fell  before.  Persia,  once  one  of  the  rich- 
est granaries  of  the  Fast,  is  now  barren 
and  desolate  over  a  large  extent  of  its 
area,  as  a  result  of  forest  denudation- 
and  the  northern  coast  of  Africa,  one  of 
the  chief  granaries  of  ancient  Rome,  is 


FIRE  DEMON  OF  THE  FOREST  AT  THE  HEIGHT  OF  HI 


S  FURY. 


CHARRED  TRUNKS  IN  TUB  WAKE  OF  A  FOREST  FIRE. 


now  subject*  <1  to  the  severesl  drouths, 
due  to  the  same  cause.  The  climates  oi 
Spain.  Italy.  Sicily,  Greece,  and  Asia 
Minor,  have  also  been  transformed  as  a 
■It  of  def  >restati<  in. 

Every  foresl  is  an  oxygen  factory,  and 

its  refreshing  by-prod  • 

Trees  are  about  one-half  water  in 

their   composition,    and    it    is    estimated 

that  a  fair-sized  oak  or  poplar  will  exhale 


twenty  gallons  per  day.  This  moisture, 
breathed  into  the  clouds,  later  falls 
refreshing  rain.  Moreover,  thi 
tem  of  a  foresl  is  a  vast  sponge,  a  natural 
r<  servoir  holding  water  at  the  earth's 
surface.  Small  wonder,  then,  that  a  gar- 
den area,  where  Nature  thrives  in  all  her 
glory,  becomes  an  arid  waste,  shunned 
by  man.  after  the  wholesale  vandalisms 
of  the  woodman  or  the  lire  demon! 


BE  READY 

{5|N  life's  small  things  be  resolute  and  great 

Cl   To  keep  thy  muscles  trained;  know'st  thou  when  Fate 

Thy  measure  takes,  or  when  she'll  say  to  thee, 
"  I  find  thee  worthy ;  do  this  deed  for  me ! " 

—James  Russell  Lowell 
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The  Submarine,  Real  and  Imaginary 


The  Most  Deadly  "Fish"  that  Swims  "the  Waters  Under  the  Earth"- 

Successor  of  the  Mine 


-A  Probable 


By  WILLIAM  R.  STEWART 

Editorial  Staff,  Cosmotolitan  Magazine 


WHILE  the  ill-fated  Russian  ad- 
miral,     Rojestvenskv,      was 
steaming      his       17,000-mile 
course  from  the  Baltic  to  the 
1  cllow  Sea,  stopping  leisurely  here  and 
there  to  coal  and  repair  his  heterogene- 
ous collection  of  battleships,  cruisers,  tor- 
pedo-boats,   and    transports,    the    world 
heard  nothing  of  attacks  upon  him  by 
Japanese  submarines.    Yet  there  was  the 
submarine's  opportunity.     Off  Madagas- 
car, in  Kamranh  Bay,  off  Saigon,  in  the 
Straits   of  Formosa,  the  great  fleet  of- 
fered an  ideal  object  for  daring  attack  bv 
submersible  torpedo   craft.     And  Japan 
had  submarines.     In  the  year  and  a-half 
that  the  war  has  lasted,  several  have  been 
turned  out    from    Japanese    yards,  and 
others  have  been  bought  abroa'd. 

(734) 


That  the  Russian  squadrons  were  able 
to  make  their  way  to  the  coasts  of  Japan 
unmolested,  is  striking  illustration  of  the 
present  imperfect  development  of  the 
submarine.  Had  the  Japanese  Admiralty 
believed  that  it  possessed  any  of  these 
craft  which  had  a  fair  chance  of  sinking  a 
Russian  battleship,  the  attempt  would 
have  been  made.  And  Japan,  it  is  reason- 
able to  assume,  has  acquired,  in  one  way 
and  another,  as  good  submarines  as  any 
nation. 

No  Perfect  Type  As  Yet 

It  is  evident  that  the  dav  of  the  sub- 
marine is  not  yet.  That  it'  will  come  is 
probable— as  probable  as  that  the  flying- 
machine  will  one  day  be  a  practical'  suc- 
cess.    That  day  may  see  a  revolution  in 
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the  methods  of  marine  warfare  It  is 
hard  to  tell.  The  surface  battleship  lias 
not  yet  been  supplanted,  and  may  never 
be.  A  submarine  signaling  apparatus, 
ntly  tested  in  southern  American 
waters,  has  detected  and  recorded  the 
xmnd.  of  the  paddle-wheel  of  a  steamer 
three  miles  distant,  at  night,  when  the 
steamer  could  he  neither  seen  nor  heard 
fnun  the  deck.  A  coastwise  steamship 
company  already  ha-  equipped  it-  vessels 
with  the  apparatus  necessary  for  picking 


with  devii 
ing 

him  and 
around    him 
met  ind  thai 

must  he  implanted  in  t1 
in    the    ships.      I ',. 
these  conditions,  the  sul 

the   maximum   i 
fensive  p<  »wer,  ami  habitabilil 
worthy  means  of  pn  'pulsion  ;  and 
plete   independen  help 


ITIMi  SUBMARINE  BOAT  />' /. 
Binstdelii  '  row.-The  vessel  is  300  tons.  850  H.  P..  'rom 

"ccumulaiors.-  In  outline  t  bles  a  torpedo-boat ;  note  h.  •  stei  lin« 


Up  the  -  submerged  hells  at  dan- 

gerous points.  An  extension  of  this 
naling  device  may  he  sufficient  to  warn 
battleships  of  the  presence  of  subma- 
rines; though,  of  course,  should  a  boat 
capable  of  high  speed  and  perfect  man- 
agement under  water  ever  be  built,  that 
warning  might  not  be  effective. 

Experts  who  are  familiar  with  all 
types  of  submarines  and  who  do  not 
favor  one  class  of  \  igainst  others, 

are  agreed  that  the  submarine  of  the 
future  must  have  longitudinal  stability— 
/'.  e.,  maintain  a  perfect  poise  below 
water  under  all  conditions,  permitting 
the  free  movement  of  the  crew  and  the 
shifting  of  weight :  that  it  must  be  equip- 


while  in  action.     It  is  needless  to  say  that 
the  highest  developed  of  present-da)  sub 

marine  boat-,  with  their  maxinmi 

nly  six  or  eight  knots  an  hour,  and 
the  inability  of  their  commanders  ti 
about  them' except  by  coming  to  the  sur- 
.  are  far  from  being  a  solution  of  the 
pn  iblem  presented. 

All  the  submarines  so  far  constructed 
have,  to  a  greater  or  less  <  xtent,  the  fault 
of  a  lack  of  longitudinal  stability.  I 
these  boats   are    practically    devoid    of 

Jit  under  water.    Neither  the  "w 
ballast"  nor  the  "moving  weighl 
tern,  devised  in  the  hope  of  overcoming 
this    difficulty,    has    proven 
This    i.-   true' of   both   ul  the   two   types 


THE    TECHNICAL    WORLD 


ng  to  which  submarine  boats  are 

ie     submarine     which     sinks 

by  the  weighl  of  water  taken  into 

nks,  known  as  a  submerg- 

and  the  ship  which  vanishes 

a  l.v  power,  known  as  the  div- 

The  submarine's  lack  of  weight  under 

curiously  illustrated  during  a 

•  it   test   in  a  shallow    French    dock, 

whi  stated,   though   not   offi- 


w  i  mid  not  rise.    The  imprisoned  men  had 

prepared  to  die,  when,  without  warning, 

vessel  bobbed  to  the  surface  with  a 

•  rush  like  a  released  cork,  and  the  crew,  in 

an  exhausted  condition,  were  rescued. 

The  explanation  of  the  incident  was 
soon  learned.  The  port  guardship  had 
keen  riding  in  the  anchorage  where  the 
practice  was  taking  place.  All  at  once 
the  captain  heard  a  knocking  and  a  scrap- 
ing at  the  bottom  of  his  ship,  for  which 


SUBMARINE  HOLLAND. 
Used  for  instruction  purposes  at  the  U.  S.  Naval  Academy  at  Annapolis. 


ciallv — the  unexpected  appearance  of  the 
boat  on  the  surface  was  due  to  her  keel 
having  touched  the  bottom  of  the  dock. 
The  vessel  hounded  up  like  a  rubber  ball 
from  the  slight  impact. 

Another  recent  incident  which  served 
i"  illustrate  the  comparative  impotence 
of  the  submarine  in  its  present  stage  of 
development  occurred  in  the  case  of  one 
of  the  new  Italian  boats.  While  manoeu- 
vering  submerged,  the  crew  suddenly 
rid  that  the  vessel  could  go  neither 
ahead  nor  astern,  nor  could  it  rise.  It 
-  an  anxious  moment.  Everything 
that  ingenuity,  energy,  and  fear  could 
suggest,  was  done.  The  spare  water  in 
the  buoyancy  tanks  was  pumped  out, 
without  effect ;  and  even  the  heavy  lead 
keel  was   detached.      But   still   the  boat 


he  could  not  account.  Then  it  occurred 
to  him,  after  a  long  delay,  that  a  sub- 
marine might  be  trying  to  come  to  the 
surface  and  that  the  big  bottom  of  his 
ship  interfered.  He  shifted  his  anchor- 
age just  in  time. 

Despite  its  obvious  shortcomings,  how- 
ever, the  submarine  of  1905  is  a  distinct 
advance  over  the  similar  craft  of  five  or 
six  years  ago.  For  this,  the  development 
of  the  gas  engine  and  of  electric  propul- 
sion are  chiefly  responsible.  Their  fur- 
ther perfection,  and  a  solution  of  the  en- 
gineering and  construction  problems 
which  have  been  briefly  indicated,  will 
be  the  lines  along  which  inventors  and 
builders  will  work. 

The  idea  itself — the  theory  of  the  pos- 
sibility of  submarine   navigation — is,  to 
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A  H 

but  expressh  e  phrase,  as  i  >ld 
as  the  hill-.  Alexander  the  Great,  cen- 
turies before  th<  I  hristian  era.  i-  re- 
puted t"  lia\  n  interested  in  the 
ilem.  It  is  a  matter  of  authentic  his- 
that  the  subject  was  thoughtfully 
studied  at  least  a-  earl)  as  the  thirteenth 
century;   and    in    the    early    part    of   the 

nteenth  century,  submarine  boats 

a  kind  were  quite  numerous.     No  fewer 

than  seventeen  types  had  been  patented 

in   England  1>;    1727.     In  the  American 

Civil    War  submarine    distinguished 

II  by  sinking  and  drowning  it-  crew. 

Thi  submarine    dates    from 

aln nit  [888,  when  the  French  submersible 

■'.•  was  ordered.      The 

trials  of  that  1  tended  over  a  period 

ight   \'  nd   led  to  many  modifi- 

in  details  and  equipment.      But, 

although   tin    French   designers   showed 

arkable  ability  in  dealing  with  many 

he  naval  problems  involved,  and  1 

in  submarine  construction  in  Eu- 
.  the  build  submarines  even  by 

that  country  proceeded  in  a  dilatory  and 
half-hearted   fa-hi.ni.     The  Fashoda  hi- 
nt, which   in    [898  threatened  a   rup- 
with  Great    Britain,  gave  a  tempo- 
spur  to  that  kind  of  work  ;  but,  1 
that   incident  closed,  the  naval  program 
showed  an  immediate  return  to  the  bat- 
tleship. 

At  the  present  time,  while  all  the  na- 
cperimenting  with  submarines, 
the  naval  estimat  tch  country  show 

a  remarkably  small  appropriation  for  the 
purpose.  During  1905,  Germany  will 
spend  only  S;,7;.oon  in  this  branch 
naval  construction,  and  the  amount  will 
1  principally  to  attempts  t<> 
work  out  the  most  suitable  type  of  hoat. 


w  ill  spen 
land,  about   tin 
Stati-  will  confii 

\  it li  tin-  I  lolland 
and    -uch    otl 
may  bring  to  the  not 
partment. 

Diving  and  Submerging  Types 

It  has  alread)  1  id  that  tin 

two  types  of  submarine  b<  sub- 

merging  and  the  diving.  The  difl 
between  the  two  in  principle  is  slight, 
hut  in  construction  details  i-  great.  Sub- 
merging boats  usually  are  cylindrical  in 
shape,  with  pointed  end-.  Submergence 
in  these  is  effected  by  admitting  water  to 
ballast  tank.-,  with  which  the  hoat  i-  pro- 
vided, 1  ans  1  if  inclined  rudders, 
or  by  both.  Submerging  boats  have  two 
hulls,  one  inside  the  other.  The  outer 
hull  resembles  closel)  thai  -fan  ordinary 
torpedo-boat;   inside   thi-   is   the   second 

hull,  of  nearly  circular  en ection  and 

as  large  a-  the  shape  of  die  outer  shell 
permits.  To  effect  submergence,  water 
i-  first  admitted  to  the  space  between  the 
hulls,  which  brings  the  hoat  to  an  awash 
condition.  Further  submergence  is  ac- 
complished by  permitting  the  ballast 
tanks  to  fill. 

Holland  and  Lake  Boats 

The  two  American  make-  of  subma- 
rine boats  which  are  most  widely  known 
and  which  represent  the  two  general 
classes  above  outlined,  are  those  made 
by  the  Holland  Torpedo-Boat  Company 
and  those  which  are  the  invention  of  Mr. 
Simon  Lake.  The  Lake  type,  as  illus- 
trated by  the  Protector,  ha-  been  de- 
scribed in  Tin  Ti  1  11  \n  \i;  World 
(April,  [904,  pp.   [O7-II4).    The  Holland 


A  Holland  Si 
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BROADSIDE  VIEW,  LIGHT  CONDITION. 


boat  is  an  approach  to  nature's  subma- 
rine, the  fish.  A  heavy  forward 
part  and  a  fine,  diminishing  tail 
are  the  chief  features  of  all  the 
Holland  craft.  This  is  a  stahle  form  of 
boat  under  water,  for,  though  the  weight 
is  unevenly  distributed,  the  equilibrium 
i^  maintained  by  the  fact  that  in  the  bows, 
which  support  the  major  portion  of  the 
weight,  the  buoyance  is  greater  than  aft 
and  can  thus  sustain  this  weight,  while 
toward  the  stern  the  gradually  diminish- 
ing surface  of  the  hull  reduces  the  buoy- 
ant power  and  thus  equalizes  the  pressure 
over  the  entire  length  of  the  vessel.  The 
Holland  boats  have  horizontal  rudders 
at  the  stern,  by  means  of  which  they  are 
made  to  dive  and  emerge.  The  Lake 
boats  have  no  such  rudders,  but  have 
four  "hydroplanes,"  which  are  in  reality 
side  rudders,  two  on  each  side,  nearly 
amidships.  The  position  of  these  side 
rudders  is  such  that  when  the  boat  dives 


it  goes  down  on  an  even  keel,  the  deck 
being  always  parallel  with  the  horizon. 

The  one  mission  of  the  submarine  in 
war  is  to  disable  a  battleship  by  launch- 
ing against  it,  below  the  water  line,  a 
torpedo  of  sufficient  destructive  power  to 
crush  the  ship's  armor.  The  torpedoes 
used  for  this  purpose  are  automobile,  or 
Whitehead,  torpedoes,  which  travel 
through  the  water,  not  by  any  impetus 
given  them  in  their  discharge  from  the 
torpedo-boat,  but  by  a  special  motor 
mechanism  of  their  own  which  turns  a 
screw  similar  in  principle  to  that  of  a 
screw-propelled  craft  on  the  surface. 
These  torpedoes  travel  at  a  depth  and  in 
a  predetermined  direction,  at  a  rate  of 
about  half  a  mile  a  minute,  and  destroy 
both  themselves  and  the  ship  against 
which  they  strike,  by  exploding  some 
220  pounds  of  gun-cotton  carried  in  the 
"head."  The  limit  of  effective  range  for  a 
Whitehead  torpedo  is  about  2,000  yards. 


Partially  Trimmed  to  Dive. 


Running  Awash,  Ready  to  Dive. 
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Sighting  i>i r\  Ices 

The     inability     of     the     command 

of    a     submarine     to    see    about     him 

without     bringing     his     vessel     to     the 

surface,  has  been  mentioned.     This  does 

not   mean    that    the   entire  boat    has   to 

brought  into  view  above  water,  but 

that  it  must  be  near  enough  the  surface 

to  have  its  conning  tower,  or  a  mast  fitted 

with  some  kind  of  sighting  device,  clear 

0f    the    wav<         The    Italian    submarine 

equipped  with  a  device  called 

the  cleptoscope.     In  one  of    it-    many 

this  instrument  gives  to  a  p< 
applying  his  eye  to  a  small  eye-piece,  an 
exact  view   of  all  that  is  to  be  seen  on 
i"  the  water  near  the  sub- 
merged craft     The  radius  of  vision  by 


only  ally  raising    I 

out  to  make 

thick  haze,  how  tnd  th< 

ti<  ■ 

being  done  by  compass  on 

befi  ire  the  start. 

Other  Mechanical  Details 

It  is  in  the  conning  w  the 

omniscope,  thai  the  officer  directing  the 
ubmarine  has  his  station. 
In   the   latesl    of    the    I  ake    b  ;i«- 

Simon  Lake  X.,  completed  about  thi 
months  ago-  the  conning  tower  is  made 
of  phosphor-bronze,  thus  forming  a  non- 
magnetic housing  for  the  compass,  and 
assuring  in  that  way  a  reliable  instrument 
at   all  times.     The  commanding  officer 


ISG. 

means   of   this   instrument,   however,   is 
small. 

The  most  satisfactory  method  so   far 
devised  for  observation  while  the  boal  is 
submerged,  is  afforded  by  what  is  vari- 
ously called  the  omniscope,  altiscope, 
pt  ,-.   which   is  a    sort    of    camera 

lucida,    This  is  mounted  on  a  mast  lying 
rd  of  and  rising  from  the  conning 
tower,  to  a  height  some  twelve  feet  above 
it.     The  mast   is  equipped  with  a 
of  lenses  and  prisms  so  arranged  that, 
by  looking  in  the  glass  at   right  ang! 
the  tube,  the  observer  may  see  ai 
thing  in  the  vicinity  on  the  surface.     (  >f 
rse  the  maximum  depth  of  submerg- 
ence of  the  vessel  will  be  the  length  of 
the  mast  :  and  this,  it  has  been   found, 
cannot  be  more  than  twelve  feet  with  the 
present  appliances.     In  the  official  go 
ernment  tot-  at  Newport  of  the  Holland 
submarine  boat  Fulton,  an  under-water 
run  miles  was  made,  during  which 

the  boat  'lid  n-t  once  come  to  the  surface. 


within  the  tower  enjoys  a  centralization 
of  control  and  direction  of  uncommon 
scope,  Tor  aboul  him  are  all  oi  the 
gauges,  indicators,  registers,  etc.,  essen- 
tial to  a  knowledge  of  the  craft's  condi- 
tion and  readiness  in  every  detail.  In 
rough  weather,  the  boal  can  he  naviga 
either  from  within  the  conning  tower 
or  from  on  top  of  it.  where  a  hand-wheel 
can  he  shipped  for  that  purpose. 

In  surface  work,  the  Simon  Lake  X. 
employs  for  propulsive  power  gasoline 
engines— one  engine  on  each  screw-shaft 
and  has  attained  a  Speed  of  nine  knots 
an  hour.  The  boal  is  able  to  run  under 
her  gasoline  engines  when  all  hut  her 
sighting-head    is  under   v  that, 

instead  of  drawing  upon  the  short  lived 
and  expensivi    |         r  of  ii  l»at- 

u.r  |   for  under-water  navigation  >, 

i,    can,  the  moment    it   is  trimmed   to  the 
dition  of  readiness  to  dive,  mano 
ly   under  propulsion, 

can  r  with  a  fair 
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Submarine  "Fulton"  Running  Awash,  Full  Speed. 


hundreds  of  miles,  if  necessary,  whereas 
the  electric  power  would  last  but  thirty 
i  >r   f(  >rt  \ . 

In  its  submerged  condition  the  vessel 
it  driven  by  electricity  from  a  motor  on 
each  propeller-shaft,  the  power  being 
drawn  from  storage  batteries  of  capacity 
sufficient  to  last  for  four  or  five  hours' 
continuous  work. 

When  traveling  in  suspension  under 
water,  the  Simon  Lake  X.  is  held  to  a 
determined  depth  by  her  four  hydro- 
planes (located,  as  already  stated,  two 
on  each  side,  amidships),  which  force  the 
boat  below  the  surface  when  under  way, 
and  up  and  down  on  an  even  keel.  In 
order  to  run  on  the  bottom,  the  vessel  is 
provided  with  two  big  steel  wheels,  to 
travel  on.  These  are  arranged  tandem 
in  the  keel-line,  propulsion  being  effected 
by  the  propellers.  In  this  condition  the 
boat  can  be  controlled  with  good  precis- 
ion;  and,  by  increasing  her  dead  weight 
so  as  to  give  a  firm  hold  on  the  bottom",  it 
is  possible  to  drive  her  along  over  mud 
or  sand  and  against  currents  which  would 
put  her  out  of  reckoning  were  she  run- 
ning in  suspension  without  her  sighting 
instrument  above  water.  Theoretically, 
n  ought  to  be  necessary  only  to  take  the 
number  of  revolutions  of  the  positive- 
bearing  supporting  wheels  and  to  check 
the  course  by  the  compass,  in  order  to 
run  into  any  charted  harbor  without 
once  coming  to  the  surface. 

The  safety  devices  of  the  Simon  Lake 
^■— for  use  in  the  event  of  failure  of  the 
pumps  and  air  control  of  water  in  the 
ballast  tanks— are  typical  of  similar  ar- 
rangements on   most    submarine    boats. 


In  brief,  they  consist  of 
a  five-ton  emergency 
weight  in  the  keel,  which 
can  be  let  go  instantly; 
two  anchoring  weights, 
each  weighing  about 
half  a  ton,  which  can  be 
released  on  the  run ;  and 
a  diving  chamber,  by 
means  of  which  the  crew 
can  make  their  way  out 
one  at  a  time  and  swim 
to  the  surface. 

A  design  for  a  subma- 
rine craft  recently  pro- 
posed by  an  English  in- 
ventor named  Middleton,  is  a  closer  ap- 
proximation to  a  fish  than  any  boat  yet 
built.  The  cardinal  principle  of  this  de- 
sign is  the  use  of  fins  as  an  instrument  of 
propulsion  so  as  to  enable  a  vessel  to  be 
navigated  in  tri-dimensional  space,  and 
not  merely  in  motion  in  two  dimensions, 
as  with  the  screw-propeller.  A  subma- 
rine vessel,  to  be  a  perfect  type,  should  be 
capable  of  moving  in  a  vertical  plane  as 
well  as  in  a  horizontal  one  ;  the  successful 
use  of  fins  would  enable  it  to  do  this  by 
raising  and  lowering  itself,  apart  from 
any  alterations  of  buoyancy  which  might 
be  effected  in  the  boat. 


Launching  Submarine    'Simon  Lake  X."  at  Newport 
News,  Oct.  27,  1904. 


MARINE,   REAl  \RY 


:n 


Period  of  Submergence 

While  the  submarine  of  the  present 
has  not  yet  demonstrated  its  pracl 
value  in  war.  several  recent  tests  have 
demonstrated  its  ability  to  remain  sub- 
merged for  as  manj  as  ten  to  twelve 
hours  without  inconvenience  to  the 
crews  live  and  emerge  within  a  defi- 
nitely marked  space,  to  pick  up  and  cut 
cables  on  the  bottom  of  tl  and  to 

launch  torped< 


known  only,  it  is  said,  to  th< 
ernmenf.      In   sul  the 

nsists  in  the  addition  i 
in  proper  pn  iportion,  to  the  \  it: 
air  in  the  ship.    The  Korrigan  was  built 
at  Rochefort,  and  was  launched  in  i 
I  [er  length  is  [35  feet :  beam,  ■ 
placement,     185    tons.      Her    maximum 
trial  speed  was  eighteen  knots.     She  has 
four  torpedo  tubes,  and  carri  rew 

of  nineteen  men  and  oflfr  She  has  no 


V.  S.  SUBMARINE  SIMON  LAKE  X. 

Launched  at  Newport  News.  Va.,  Oct  27,  1901— Will  shortly  be  tested  by  the  Navy. 


The  record   for  long-period  submerg- 
ence  is   held   by  the    French   submarine 

hi.  which  recently,  at  Bizerta, 
North  Africa,  succeeded  in  remaining 
under  several  fathoms  of  water  con- 
tinuously   for  twelve   hours.     The   Kor- 

•  i  was  commanded  by  Lieutenant 
Thomazi,  one  of    the    youngest   offii 

the  French  Navy.  Reporting  upon 
his  experiment,  Lieutenant  Thomazi 
said  that  the  Korrigan,  while  at  an  av- 
erage depth  of  three  fathoms  (  [8  feel  I, 
ran  at  seven  knots  an  hour 

for  about  sixty  nautical  miles.    By  means 

the  periscope,  he  was  able  to  pass  in 
and  out  of  the  harbor,  avoiding  the 
dummy  mines  which  had  been  set  for 
him.  The  air  in  the  vessel  was  reno- 
vated  by   means    of    a    secret    process, 


■line    motor,    only    accumulators    and 
electric  moti  >rs. 

The  Successor  of  the  Mine 

A  use  to  which  the  submarine,  even  in 
its     present     incomplete     development, 
might  successfully  be  put,  is  in  harbor 
defense  in  place  of  fixed  mines.     Sub- 
marine mines,  as  has  been  clearly  shown 
by   the   Russo-Japanese   war.  cannot   be 
relied  upon.    That  a  number  of  the  Rus- 
sian warships  at  Port  Arthur  were  blown 
up  by  their  own  mines  is  an  establh 
fad  ;  and  it  is  probable  that  the  Japat 
aLo  suffered  in  the  same  way.     En  im- 
portant channels  where  it  is  impracticable 
to  plant  mines,  owing  to  deep  and  rough 
water,  extreme  width,  or  the  swiftne 
currents,    submarine   boats    will,    in   the 
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futu  bably  be  employed  instead  of 

mini 

Magazine  Torpedo  Tubes 

li,  tli  I  efficiency 

are  at  present 

and    company 

with  ine  torpedo  tube.    With  the 

tube  now   in  use,  more  than  six 

minutes  quired  to  load  and   fire  a 

;  but  with  a  magazine  tube  the 

ration  of  launching  the  missile  would 

F;  cilitated.     A  torpedo  in  the 

water,  having  buoyancy,  will  rise  to  the 

surface  when  not  moving  under  its  own 

po\y  This   principle   has  been   taken 


account  of ;  and  the  magazine  consists 
of  a  tank,  approximately  of  the  width 
and  length  of  a  torpedo,  capable  of  hold- 
in  g  four  torpedoes  superimposed  one 
above  the  other.  The  torpedoes  are  put 
in  from  the  top  in  a  cradle  arrangement, 
after  which  the  top  is  fastened  and  the 
magazine  is  filled  with  water.  A  short 
piston  forces  the  uppermost  torpedo  out 
through  a  short  tube  about  two  feet  long  ; 
a  turn  or  two  of  a  crank  brings  the  sec- 
ond torpedo  in  position  to  be  fired ;  and 
so  on  till  the  last,  the  magazine  being 
emptied  of  all  four  torpedoes  within  one 
minute,  thus  multiplying  greatly  the  of- 
fensive power  of  the  craft. 


HORSE  SENSE 


fF  you  work  for  a  man,  in  heaven's  name  work  for  Kim. 
■  d.  If  he  pays  you  wages  that  supply  you  your  bread  and 
butter,  work  for  him,  speak  well  of  him,  think  well  of  him, 
stand  by  him,  and  stand  by  the  institution  he  represents. 
C,  I  think  if  I  -worked  for  a  man,  I  Would  work  for  him.  I 
would   not  -work  for   him  a   part  of  his   time,  but   all   of  his 

time.    I  would  give  an  undivided  service  or  none. 

C,  If  put  to  the  pinch,  an  ounce  of  loyalty  is  worth  a  pound  of 

cleverness. 

C.  If   you   must  vilify,  condemn,   and  eternally   disparage,  why, 

resign  your  position;  and  when  you  are  outside,  damn   to  your 

heart  s  content.      But,  I  pray  you,  so  long  as  you  are  a  part  of 

an  institution,  do  not  condemn  it.     Not  that  you  will    injure  the 

institution — not    that — but   when  you    disparage   the    concern  of 

wbich  you  are  a  part,  you  disparage  yourself. 

C.  And  don't  forget — "I  forgot !  "   won't  do  in  business. 

—Elbert  Hubbard. 


. 


Water  System  of  the  Croton  River 

How  New  York  Gets  Its  Drinking  Water   from    the    Hill   Country — A    Series    of 

Great  Dams  and  Impounded  Lakes  Crowned  by  the  Largest 

Masonry  Dam  in  the  World 


By  ROBERT  SHACKLETON 
Author  of  "Many  Waters,"  "The  Great  Adventurer."  etc. 


THE   practical   completion   of  the 
new    Croton    Dam,    stupendous 
though   that  work  is,  marks  but 
a    |"  >rtion   <  >f  the   •  !r<  it*  m    River 
Wal  i.     The  new  dam    is    the 

largest  masonry  dam  in  the  world;  its 
completion  is  of  vital  importance  to  tin- 
City  of  New  York,  and  full  of  interesl 
from  an  engineering  standpoint;  and  yet, 
in  addition  to  this,  and  in  addition  to  the 
1  •  m  Lake  that  it  forms,  there  are 
dams  huge  in  size  and  other  spa- 
is  lak<  artificial,  some 
natural,  some  partly  both.  In  short,  there 
is  a  vast  system  of  works;  and  the  water- 
shed whose  product  is  impounded  covers 
an  area  i  4  31 "  i  square  miles. 

The  Source  of  Supply 

Water  supply  early  became  a  question 

of  importance  in  New  York.     For  some 


time  after  the  purchase,  by  Minuet,  of 
all  of  Manhattan  [sland  for  six  guilders, 
the  great  well  behind  the  Dutch  stockade 
answered  every  need;  but  the  first  reser- 
voir (built  far  down  on  Broadway,  be- 
tween what  are  now  I 'earl  and  White 
Streets)  was  built  hen. re  the  Revolution. 
Then  followed  other  schemes,  the  most 
curious  being  that  which  was  managed 
by  Aaron  Burr,  who,  finding  that  a  cer- 
tain hank  charter  would  not  be  granl 
secured  the  incorporation  of  a  water 
company,  with  the  privilege  of  investing 
surplus  capital  in  any  other  lawful  busi- 

The  hank  which  began  operal : 
under  that  water  charter,  found  it  ne< 
sary,  in  order  to  retain    its    charl 
operate  a  pump  in  the  heart  of  the  busi- 

•  district,  until,  well  on  in  this  tv. 
tieth  century,  the  land  and  pump  v 
condemned  in  the  widening  of  a  stn 
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nty  years  ago  the  water  subject 
umed  new    importance.     The    Bronx 
too  tiny  and  too  near  the  city.    Seiz- 
ing Hudson  river  water   at   some   point 
New  York,  was  deemed  out  of  the 
qu<  ml   i  if  the  many  cities 

which  discharge  their  refuse  into  it:  and 
in  this  :    New  York  judged  more 

wisely   than    Cincinnati,   with  the   Ohio, 
and  Toledo,  with  the  Maumee. 

But  a  hill  country,  from  thirty  to  sixty- 
miles  north  of  the  city,  held  out  the 


Group  of  Men  Connected  with  the  Great  Croton  Dam. 

From  left  to  right,  they  are:  (Top  row)  Division  Engineer  Gowen,  Mr.  B.  F.  Cole 

man,  M.  Jules  Breuchaud,  and  Division  Engineer  Sears:  (Bottom  row) 

Aqueduct  Commissioners  Curtis,  Ryan,  Ten  Eyck,  and 

Wudolpb,  and  Chief  Engineer  J.  Waldo  Smith. 


needed  promise.  The  watershed  of  the 
Croton  is  a  broad,  hilly  basin,  hemmed 
in  by  hills  still  higher;  and  at  a  point 
near  the  Hudson,  the  accumulated  water 
flows  through  a  gap  in  the  heights.  It 
was  decided  to  throw  a  great  dam  across 
the  Croton ;  and  even  then  it  was  recog- 
nized that  subsidiary  dams  would  also  be 
required,  although  the  full  extent  of  this 
system  could  not  be  foreseen.  Water  be- 
gan  flowing  through  an  aqueduct,  from 
the  Croton  Lake  formed  by  that  first 
dam,  in  1842. 

Many  Dams  Necessary- 
Recent  years  have  witnessed  a  splendid 
enlargement  of  impounding  capacity. 
Immense  dams  have  been  constructed  to 
pile  up  the  water  in  valley  after  valley. 
One,  the  Titicus,  was  the  third  largest 


in  the  world  when  it  was  completed,  ten 
years  ag<  1. 

All  this  is  little  understood.  The  fact 
is  not  appreciated  that  the  great  new 
Croton  dam  is  not  all  there  is  of  the  sys- 
tem. So  far,  indeed,  is  that  from  being 
the  case,  that  the  Titicus  impounds  over 
7.000  millions  of  gallons ;  the  East 
Branch,  5.000  millions;  the  Bog  Brook, 
4,000  millions  ;  two  at  Carmel,  9,000  mil- 
lions ;  and  Amawalk,  7,000  millions.  The 
new  Croton  dam  will  contain  over  30,- 
000  millions  of  gallons 
of  water  ;  and,  with  two 
dams  about  to  be  be- 
gun, and  the  reservoirs 
within  the  limits  of  the 
city,  there  will  be  a 
total  of  100,000,000,000 
gallons  held  in  storage 
for  a  time  of  drought. 

What  an  inadequacy 
in  our  language  is 
shown  by  the  fact  that 
such  quantities  must  be 
expressed  in  gallons ! 
It  is  as  if  one  were 
forced  to  measure  be- 
tween New  York  and 
Boston  by  feet  instead 
of  miles. 

Some  thirty  years 
ago,  the  city  originated 
the  office  of  Commis- 
sioner of  Water  Sup- 
ply, and  it  is  a  curious 
fact  that  the  first  Commissioner  was 
"Boss"  William  M.  Tweed!  He  at  least 
looked  at  the  subject  in  a  large  way,  and 
urged  that  the  entire  watershed  be  con- 
demned and  purchased  outright  by  the 
city.  That  advice  was  not  fol- 
lowed ;  but  in  the  general  construc- 
tion of  the  works  the  entire  face 
of  the  country  has  been  changed. 
Whole  towns  have  been  destroyed  or  re- 
moved. Hundreds  of  isolated  farmhouses 
and  barns  have  been  burned.  And  still 
other  towns,  and  a  host  of  other  homes, 
are  to  be  destroyed  on  account  of  the  two 
new  subsidiary  dams  whose  construction 
is  immediately  to  ensue. 

The  towns  and  the  houses  have  been 
removed,  either  to  make  way  for  the  im- 
mense reservoirs,  or  because  they  stood 
too  near  the  course  of  a  stream  or  the 


WA 


NERAL  VIEW  OF  NEW  CROTON  DAM,  LOOKP  Til. 

Taken  from  bill  on  north  bank  of  Croton  River.  100  feet  above  top  of  dam.    Water  in 
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:  a  reservoir  or  lake.     It  has  been 
the  pol  the  city   to  condemn  and 

pur,  of  land  from  250  to  300 

in  width,  on  either  side-  of  all  the 
:   and   these   strips   have  been 
rked    by    well-made    walls  of  stone, 
about    foui  high.     I  >f    such    stone 

walls,  hundreds  of  miles  have  been  con- 
structed, and  this  feature  gives  a  new 
impression  of  the  magnitude  of  the  entire 

rk. 

The  great  reservoir  lakes,  the  natural 
lakes,  and  everywhere  the  low-wahed 
fringes  of  greenery,  give  a  charming 
park-like  aspect  to  the  country,  and  the 
aspect  is  enhanced  by  the  scores  of  miles 
of  new   roads  which  the  city  has  built. 

New  York's  Water  Consumption 

The  people  of  New  York  use  an  av- 
ge  of  [25  gallons  of  water  a  day  each. 
d'hi>  is  not  so  much  as  is  quoted  in  the 
of  a  few  others  of  the  large  cities 
of  our  country  ;  but  it  is  much  more  than 
the  average  of  London  and  Paris.  These 
two,  however,  cannot  properly  be  taken 
into  comparison,  for  they  have  not  the 
American  knowledge  of  the  sanitary  and 
cleansing  uses  of  water.  Yet,  none  the 
less,  experts  agree  that  at  least  half  of 
this  New  York  supply  is  wasted.  The 
general  use  of  water  meters  would  obvi- 
ate most  of  the  waste;  but,  as  the  city 
will  not  put  in  the  meters,  and  the  con- 
sumption of  water  steadily  increases,  a 
means  of  meeting  it  must  be  found  by  the 
engineers. 

At  present  Xew  York  uses  an  average 
of  300,000,000  gallons  a  day.  This  does 
not  include  the  consumption  of  Brooklyn, 
which  has  a  different  water  supply.  On 
some  days  in  drought  time,  the  entire 
Croton  does  not  furnish  more  than  50,- 
000,000  gallons.  Once  in  a  while,  for  an 
entire  year,  the  average  is  but  250  mil- 
lions a  day.  It  is  but  a  matter  of  addition 
and  subtraction  ;  and  the  result  shows  a 
present  need  of  dams  sufficient  to  im- 
pound all  possible  water  in  times  of 
freshet.  Even  with  the  completion  of 
the  monster  new  Croton  dam  (frequent- 
ly termed  the  "Cornell"),  which  was 
lately  put  in  use,  and  which  will  be  en- 
tirely finished  with  the  early  fall  of  this 
year,  some  25,000,000  gallons  a  day  will 
flow  over  the  spillway ;  and  the  city,  not 
being  able  to  spare  that,   will  at  once 


build    the   two   additional    dams   already 
referred  to. 

Problems  of  Construction 

The  Croton  watershed  is  composed 
largeh  of  gneiss  foundation,  with  a 
porous  surface  of  sand  and  gravel;  and 
a  general  absence  of  clay  has  presented 
rather  unusual  conditions  to  the  engi- 
neers. All  of  these  great  dams  are  con- 
structed upon  the  same  general  plan,  but 
local  conditions  have  necessitated  variety 
in  execution.  Some,  like  the  East 
I  '.ranch,  are  all  masonry.  Some,  like 
Amawalk,  are  of  earth,  with  a  core  of 
rubble  masonry.  Some  combine  the  two 
methods,  as  at  Carmel. 

Whenever  built  of  masonry  alone,  the 
bulk  is  of  rubble-work  laid  in  cement 
mortar,  and  faced  with  stone-work  of 
better  description,  for  the  double  purpose 
of  increasing  the  water  tightness  of  the 
work  and  of  reducing  to  a  minimum  the 
pointing  to  be  done  for  maintenance. 
Each  stone  must  have  such  a  bed-face  as 
to  secure  a  full  mortar  bed- joint. 

The  absence  of  clay  has  rendered  it 
necessary,  in  those  cases  where  earth  em- 
bankments have  been  used,  to  build  core- 
walls  of  masonry  in  the  center.  The 
gate-chambers  form  a  part  of  the  core- 
walls  ;  and  the  pipes  conveying  water 
through  the  embankments  are  so  laid — 
in  substantial  culverts,  on  the  down- 
stream side  of  the  core-wall — as  to  be  ac- 
cessible at  all  points. 

Some  engineers  still  believe  that  the 
very  best  wall  for  a  dam  is  one  of  earth 
with  a  narrow  core  of  rock.  It  does  not, 
at  first  thought,  appear  to  be  so  good  as 
the  all-rock  ;  but  those  who  favor  it  point 
out  that,  when  the  earth  is  sloped  back  at 
a  sufficient  angle  on  the  inside  face  of  the 
dam,  there  is  scarcely  any  pressure  upon 
the  wall,  forward,  and  practically  nothing 
but  the  mere  pressure  of  gravity  down- 
ward upon  the  gradually  sloping  earth. 
A  slope  of  five  to  one  is  held  to  be  the 
best,  with  a  slope  of  perhaps  three  to  one 
on  the  outside  face.  Such  a  dam  is  very 
different  in  appearance,  especially  on  the 
inside,  from  a  dam  of  all-rock  :  for,  while 
the  all-rock  dam  rises,  on  its  inside  face, 
perpendicularly,  like  the  wall  of  a  great 
castle  rising  out  of  a  moat,  the  earth  dam 
slopes  back  on  so  gradual  a  line  as  to  be 
almost  level.     Of  course,  if  it  were  pos- 
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to  construct  a  dam  of  rock  on  tl 
same  proportions,  it  would  be  more  de- 
sirable  than  an  earth  dam  ;  but  the  ei 
me  his   amount    of   rock    required    would 
make  it  a  practical  impossibility.   For 
ample,  imagine  the  amount  of  rock  that 
would  1"'  needed  for  the  l>i^  new  Croton 
dam,  "n  that  basis  of  five  t<  i  one  on  the 
inside  fao 


of  depth  over  th< 
dam. 

The  dam  acn iss  tl" 
after  the  nev     Crotoi 
sharp  problems.     Tl 
ible  ]>' 'int  fi 'i"  tli' 
at  such  a  depth  as  t<  i  render  it  im] 
ticable  to  build  upon  it  without  what 
deemed  too  great  an  i  >utla)   i  »f  time 


THi:  GREAT  DAM  FINISHED  IN  CI  NTKK  AND  NEARING  COMPLETION. 

View  from  downstream  looking  i  across  extension.  Bhowing  reservoir,  overfall  used  in 

building  the  extension.    At  extreme  left,  water  discharging  through  bio  wolf  pipes  at  Gate  I  Ions,.-  No,  -. 


At  present,  the  majority  of  engine" 
although  acknowledging  the  splendid 
strength  of  some  of  the  earth  dams,  such 
as  that  of  Amawalk,  in  the  Croton  sys- 
tem, hold  that,  everything  considered,  an 
all-rock  is  better  for  dams  of  the  dimen- 
sions of  the  new  11. 

It  has  been  deemed  a  point  of  high 
importance,  in  order  to  avoid  the  p< 
bility   of  accident,  to   have  spillways  of 
great  capacity.     The  rule  with  most  of 
these  big  dams,  has  been  so  I  portion 

each  spillway  as  that  it  can  discharge 
safely,  in  twenty-four  hours,  a  quantity 
of  water  equivalent  to  at  least  six  inches 


money :  and  there  arc.  in  c<  msequence, 
ts  at  which  this  enormous  structure  is 
built  upon  compact  strata  of  earth!  This 
however,  is  only  at  the  sides  of  the  dam, 
it  being  on  all-rock  in  the  middl 

The  Titicus  riv<  r,  i  me  of  the  <  !r<  iton 
tributarii  s,  is  subject  to  seven 
and  therefore   it  wa  iry  to  take 

unusual  precautions  to  prevent  interfer- 
ence with  the  work.  A  temporary  dam 
of  stone  and  crib  work,  was  built  at  some 
distance  above  the  main  work  :  and  it  was 
connected,  through  a  sel  of  head 
with  a  canal  excavated  in  the  side  hill  and 
with  a  double  timber  llume. 
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The  Great  •'Cornell"  Dam 
Stupendous  though  all    pars    of    the 
m  arc,  most  stupendou 
is  the  new  dam  across  the  Croton—  the 
rnell. 

At  the  outset,  in  beginning  this  dam. 
there  was  the  same  problem  a^  last  men- 
tioned in  regard  to  the  Titicus,  but  on  a 
very  much  larj  ale.     It  was  impera- 

tive t«>  prevent  interference  with  the  work 
by  the  waters  of  the  river  ;  and  it  was  ap- 
parent that  nothing  shorl  •  £  a  titanic 
safeguard  would  be  sufficient.  And  the 
carrying-out  of  its  plan  is  one  of  the 
v  illustrations  of  that  homely  old 
adage,  which   it  bel  -  all  engineers 

never  to  i  that  "once  well  done  is 

twice  d<nie." 

A  broad  channel  was  blasted  oul  of  the 
very   rock,   beside   the  line  of  the  great 
rvoir  basin,  and  a  massive  wall  was 
constructed  along  the    side    toward  the 
work.     Then,  to  carry  the  waters  to  final 
safety,    a    slightly    tapering   tunnel    was 
constructed  through  the  wall  of  the  dam. 
The  roof  of  the  tunnel  was  a  hrick  arch, 
made    in   five    equal    panels,    offset    u 
inches,  in  transverse  vertical  planes,  for 
the  purpose   of    making    >tcps    to    key 
against   the  masonry   which   was    to    he 
filled   in,  and  also   to   afford   resistance 
nst  the  pressure  of  the  water.     <  >ff- 
were  also  made  in   the  side  walls, 
and.  for  the  same  purpose,  the  bottom  of 
the  tunnel  was  built  rough.    Seventy-five 
toward  the  middle  of  the  dam,  an- 
other tunnel  was  provided  for  the  pur- 
:"   handling   flood   water:   and   the1 
entrance  of  this  tunnel  was  a  little  higher 
than  the  first. 

It  was  in  last  December,  when  little 
water  was  coming  down,  that  the  closing 
of  the  first  river  tunnel  was  begun.  A 
low  wooden  coffer-dam   was    made. 

•  the  upper  end  ;  and  a  pair  of  four- 
i""t  pipes  was  laid  through  the  tunnel, 
with  gates  at  each  end.  Each  of  the  tun- 
— both  the  river  tunnel  ami  that  for 
Is — being  fully  ioo  feet  in  length, 
and  from  [6  to  -''  i  feet  in  height,  made 
the  task  by  no  means  a  simple  one;  hut 
they  were  carefully  filled  with  concrete 
and  rubble-stone  masonry. 

A   highly   important   problem   was   to 
ide  for  the  shrinkage  of  the  concr  I 
'I  his  had  been  foreseen,  and  a  number 
three-inch  pipes  had  been  left  in  the  roof, 
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through  which  grout  <  a  thin,  coarse  mor- 
tar) was  forced.  All  shrinkage  was  thus 
met  until  near  the  end  of  the  work,  when 
it  was  found  that  this  system  would  no 
longer  answer,  and  that  final  shrinkage 
was  allowing  water  to  seep  in.  An  in- 
genious plan  was  then  evolved,  of  plac- 


masonry  was  laid,  in  both  the  tunnels, 
after  the  beginning  of  the  extremely  bit- 
ter weather  of  January;  and  this  brought 
up  the  important  problem  of  laying 
masonry  with  safety  in  weather  below 
zero.  The  material  used  was  a  concrete 
of    broken    stone    and    giant    Portland 


WORKING  WITH  THE  TWO  STEEL  TOWERS. 
View  of  new  Croton  dam  under  construction,  looking  north  from  Gate  House  No.  1. 


ing  a  locomotive  on  a  platform  at  the 
downstream  end,  and  using  it  to  ram  a 
plunger  through  the  pipes,  and  thus  to 
force  clay  cartridges  into  the  cavities. 
This  operation  can  be  repeated  at  any 
time,  should  there  be  occasion;  and  ex- 
perience has  shown  the  adequate  pene- 
tration of  the  clay. 

Something  like  2,000  cubic  yards   of 


cement,  mixed  very  wet,  with  about  one 
pound  of  salt  a  gallon  added  to  the  water 
used  in  mixing,  whenever  the  tempera- 
ture was  more  than  fifteen  degrees  below 
freezing. 

Large  pieces  of  heavy  canvas  were 
spread  over  the  top  of  all  new  work,  and 
closely  secured  at  the  sides.  Raising  the 
canvas  a  few  inches  above  the  concrete, 


WA 


and  supporting  it  on  light  timber  and 
blocking,  provided  spaces  in  which  the 
fined  air  could  be  wanned  by  live 
.strain  forced  in  through  hose  at  a  pres- 
sure of  about  90  pounds.  Watchmen  re- 
mained "ii  duty  each  night,  to  see  that 
the  apparatus  was  kept  in  order  and  that 
the  temperature  remained  at  from  70  to 
even  when  the  mercury 
dropped  far  below  zero.  Each  morning, 
the  concrete  surface  was  dry,  the  1 
densation  water  having  all  been  absorbed. 

One  difficulty,  or  threatened  difficulty, 
in  building  the  new  n  dam,  lay  in 

the  character  of  the  bed-rock  upon  which 
the  enormous  structure  was  to  n  st.    Al- 
though a  considerable  part  of  the  bot- 
tom was  found  to  be  neiss  rock,  and 
therefore  of  perfect    hardness,    the 
mainder  was  limestone;  and  limeston 
liable  to  be  an   unsatisfactory  medium. 
For,  by  the  pressure  of  centuries,  Hme- 
e  is  liable  to  be  disturbed  ;  it  is  liable 
to  be  seamy  and  crushed,  and  to  he  of  an 
irregular  character  as  regards  strength. 
And  thus  the  limestone  lure  was  found 
to  be.    '  >ver  a  great  portion  of  the 
area,  it  was  of  such  a  disturbed  chat 
ter   as   to   require   the   most   careful   ex- 
amination, and  so  much  had  to  be  cleared 
away    that    a    far    greater    depth    was 
reached  than  would  have  been  necessary 
had  the  rock  been  different.     Consider- 
able   of    the    limestone,    however,    was 
found   to  he  satisfactory    for    foundation 
without  much   excavation:  and   the   im- 
portant fact  that  the  strata  were  vertical 
instead      0  f      horizontal 
simplified    the    w<  >rk    1  1 
picking  oul  the  bad. 

ddie  task  of  keeping 
the  excavation  free  from 
water,  from  the  springs 
and  streams  which  ran 
out  of  the  fissures,  was 
an  expensive  item,  t 
ing  some  £40,000  an- 
nually for  pumping- 
plant  and  general  care 
during  the  early  years  of 
construction. 

After  all,  this  entire 
subject  0  f  enormous 
dams  of  masonry  is  new, 
and  various  problems  are 
vet  to  he  settled.      One 
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hut  with  the  great  width  of  the 
wall,  and  on  ace  .mil  of  various  practical 
building  propositions,  it  was  not  feasible 
to  carry  the  wall  up  with  the  strict  atl 
tion  to  this  point  which  would  have  ! 
possihle  had  neither  time  nor  1 
a  consideration. 

Walled-In  Steel  Towers 

When,  a  little   more  than  a  year  a 
preparations  were  made  for  hurrying  the 
big  Croton  dam  to  completion,  eight 
stiff-legged  and  guyed  derricl 
w<  irk  on  the  I  iwer  part  1  if  the  f<  lundation, 
commanding  all  parts  of  it.    But, : 
as  the  dam  reached  8  j.  feet    1  the 
neers  reckoning  from  the  altitude  of  high 


ream  Side 
Water  at  elevation  17 


of  Dam,  Shov  I 

0;  depth.  120  feet —At  rieht  is  the  temporary  channel 
during  construction. 
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PINE'S  BRIDGE,  THE  OLD  AND  THE  NEW,  WITH  APPROACHES. 
The  smaller  bridge  was  built  for  the  first  Croton  Reservoir  Lake;  the  larger  is  for  the  new.— View  looking  west. 


tide  at  Governor's  Island,  in  New  York 
Bay;  and  the  bed  of  the  river,  at  the 
dam,  thus  being  50  feet),  there  was  too 
narrow  a  space  for  adequate  work,  and 
a  new  and  interesting  idea  was  evolved 
and  applied.  Two  steel  towers,  each  50 
feet  high,  were  erected  upon  the  wall ; 
and  on  each  corner  was  a  60-foot  boom 
derrick.  'With  these  eight  derricks  thus 
centrally  planted,  the  wall  rapidly  rose 
until  the  top  of  the  towers  was  reached. 
Then  the  rock  was  built  over  them,  and 
they  were  left  there,  sealed  forever  with- 
in the  heart  of  the  dam ! 

Then  a  timber  platform  20  feet  wide 
was  built  alongside  the  downstream 
face.  This  was  anchored  into  the  wall 
with  wire  rope ;  and  on  this  platform  six 
derricks  were  simultaneously  operated, 
till  the  v:all  went  up  another  15  feet. 
Then,  on  platform  following  platform, 
the  derricks  were  simultaneously  oper- 
ated, till  the  summit  was  reached. 

New  Croton  Lake 

Fully  850.000  cubic  yards  of  masonry 
have  gone  into  this  single  dam.  It  is 
built  three  miles  nearer  to  the  Hudson 
than  the  original  Croton  dam  ;  and  the 
water,   flowing    back  and    rising,    will, 


when  at  its  height,  stand  30  feet  above 
the  crest  of  the  old  dam. 

Yet  this  gives  but  slight  idea  of  the  in- 
crease. The  new  Croton  Lake,  thus 
formed,  will  stretch  back  into  the  coun- 
try for  twenty  miles,  and  will  be  of  more 
than  twice  the  capacity  of  the  old  reser- 
voir. Indeed,  it  is  a  most  striking  fact, 
and  one  which  shows  the  imperative  need 
of  not  allowing  the  slightest  relaxation 
of  care  as  the  top  of  a  dam  is  reached, 
that  the  upper  part  of  the  new  dam  rep- 
resents a  holding  capacity  of  14,000  mil- 
lion gallons — almost  half  the  entire  ca- 
pacity, in  those  fifteen  feet ! 

The  general  situation  is  well  shown  at 
Pine's  Bridge.  There,  over  the  old  reser- 
voir lake,  a  large  bridge  was  built,  re- 
placing the  little  bridge  over  which  the 
ill-fated  Andre  crossed  in  his  vain  effort 
to  reach  the  British  lines.  But,  to  cross 
the  mounting  waters  of  the  new  reservoir 
lake,  a  bridge  has  been  built,  beside 
which  the  previous  one  appears  absolute- 
ly tiny.  A  picture  of  the  two,  side  be- 
side, exemplifies  the' fact  that  the  increase 
in  dam  capacity  of  a  water  system  such 
as  this  lies  not  so  much  in  vertical  height 
as  in  the  wide  stretches  overflowed  with 
every  foot  of  rise. 
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Historical  Associations 
The  mention  of  Andre  is  a  reminder 
that  in  New  York's  wain-  suppl)  com 
there  are  both  romance  and  history,  as 
London  has  with  her  water-supply 
Thames  region,  Glasgow  with  her  Loch 
Katrine,  Manchester  with  her  reservoired 
Wordsworth  lake.  For  this  beautiful 
Croton  country  of  I  and    greenery 

is  rich  in  recollections  of  Revolutionary 
heroes.  Washington  himself  was  often 
here.  And  the  first  love  of  Washington, 
Mary  Phillipse,  owned  a  great  tract  near 
i  arnii  1,  ni  »w  n-<  <1  by  the  city.  I  [ere,  t< » i, 
was  the  region  of  Cooper's  "Spy,"  and 
he  lies  buried  beside  one  of  the  reser- 

s.  An«l  from  pacing  back  and  forth 
along  tlu-  bridge  "ii  which  the  old  aque- 
duct  was  carried  across  the  Harlem,  Poe 

ived  the  inspiration  for  one  "i  his 
well-known  characti 

There  are  tun  aqueducts—  the  "Id. 
with  a  capacity  of  90,000,000  gallons  a 
day;  and   the  new,  with  a    capacity    of 

000,000.     The  new   is   14  feet  in  di- 
ameter; and  t"  give  it  full  flow,  the  water 
stands  at  a  height  of  154  feet  in  the  (  xo 
ton  Lake.   Water  below  14  feet  can  ni 
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this  lost  wi 

>-i\  hill: 
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The   Men   \\  ho   Did 

The  same  c<  mti 
man,  who  took  the  v> 
t< >n  dam  at  its  beginning,  in  i> 
rying  it  t<  >  n,  through 

the  firm  "f  Coleman,  Breuchaud  8 
man,  of  which  he  is  the  head.     Mr.   I 
(  "leman  was  at  1  me  tin 
sioner  of   New  York  City,  and  has  had 
wide  experience  in  the  handling  <>i"  im- 
portant  contracl 

The  plans  for  the  great  dam  w 
drawn  by  <  ihief  Engineer  Fteley,  who 
remained  for  some  years  in  control  of  the 
work.  He  was  followed  by  Chief  En- 
gineer Hill,  under  whose  charge  it  was 
determined  to  dis<  ard  a  coi 
tion  originally  planned,  and  t"  make  it 
entirely  of  mas<  »nry. 

Then,  in    [903,  came  Chief   Engim 
J.    Waldo    Smith,    who     gave     the     work 
phen<  imenal  impetu 


ONE  OF  THE  STEEL  TOWERS,  AFTERWARDS  SEALED  INTO  THE  IHG  DAM. 
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Mr.  Smith  was  horn  in  1861.  After 
a  course  in  the  school  of  ;i  Massachusetts 
town,  and  then  at  Phillips  Academy,  he 
secured  a  p> i>iti< mi  as  engineer's  assistant. 
But  he  saw  that  for  an  engineering  ca- 
reer,  the  absence  of  a  technical  education 
would  imped*  his  pr  And  lie  was 

able  to  take  the  course  of  the  Massa- 
chusetts Institute  cf  Technology,  work- 
ing during  vacations.  From  the  first.  Ins 
work  has  lain  with  water-works  engi- 
ring;  and  in  this  he  shows  the 
triumphs  which  may  he  gained  by  the 
man  who  centralizes  his  efforts. 

A  Health  Dam 

In  addition  to  the  old  darn  across  the 
Croton  (submerged  by  the  new  lake), 
and  the  big  new  Croton  dam,  and  the 
dams  for  subsidiary  supply,  there  is  still 
another.  This,  known  as  the  "Muscoot," 
is  thrown  across  Croton  Lake  at  a  point 
a  few  miles  from  its  upper  end.  It  was 
realized  that  the  alternate  flooding-  and 
draining  of  the  land  at  the  upper  end  of 
the  lake  would  he  dangerous  to  the  health 
of  those  living  in  the  region,  through  the 
intermittent  exposure;  and  this  Muscoot 
dam  will  secure  the  needed  uniformity. 
When  water  stands  at  the  top  of  the  new 
Croton  dam,  the  Muscoot  will  be  sub- 
merged and  there  will  be  one  unbroken 
lake  twenty  miles  long.  But  as  the  water 
falls  behind  the  new  Croton  dam,  the 
Muscoot  dam  will  so  hold  it,  above,  that 
at  no  time  will  the  land  be  bared.  This 
is  a  really  ingenious  solving  of  a  serious 
difficulty. 

Problem  of  Filtration 

There  is  a  strong  sentiment  in  favor 
of  the  filtration  of  the  impounded  water, 
in  spite  of  the  fact  that  the  water  supply 
is  certainly  unsurpassed  by  any  in  the 
world  in  regard  to  precautions  already 
taken  for  purity.  But  whenever  the 
water  is  muddy  in  the  pipes,  the  entire 
city  raises  an  outcry. 

In  regard,  however,  to  filtration,  there 
is  some  hesitation.  In  the  matter  of' 
germs,  all  is  not  so  simple  as  many  an 
advocate  of  the  germ  theory  believes.  It 
is  true  that  there  are  many  virulent 
germs,  which  science  is  doing  an  admir- 
able work  in  discovering  and  destroying. 
But  it  is  also  true  that  there  are  germs 
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which  are  harmless,  and  some  which 
even  beneficial.  The  special  pi  nut  of  this 
:  in  the  fact  that  water  carefully 
filtered  must  then  remain  covered  until 
it  passes  into  the  houses  where  it  is  to  be 
used.  To  filter  the  city  water  1>\  an  elab: 
orate  plant,  and  then  to  pass  it.  in  the 
iit  way,  into  great  reservoirs  within 
the  city,  to  stand  till  drawn  upon,  would 
render  it  far  more  dang  than  it'  it 

had  not  hern  filtered  at  all.     Doubtli 
filtration  r<  s  evil  germs  ;  but  it  als<  i 

removes  some  elements  "t"  strength,  and 
makes  uncovered  filtered  water  open  to 
»more  dangerous  germs  than  have  been 
removed. 

Thousands  of  laborers,  chiefly  Italians, 
have  been  employed  upon  the  work. 
Most  of  the  Italian  quarters  are  suffi- 
ciently unattractive:  hut  one  colony,  i 
tablished  a  little  below  the  dam.  in  the 
valley,  is  unconsciously  and  strikingly 
picturesque.  The  women  wear  the  ma- 
id  reds  and  greens  of  their  na- 
tive villages;  the  nun  wear  trousers  of 
purple  and  i  ither  weird  ci  '1'  irs  :  the  w<  imen 
wash  their  clothes,  Italian  fashion,  kneel- 
ing beside  the  stream,  and  beating  the 
clothes  upon  a  rock  with  wooden  pad- 
dles ;  and  behind  the  clustered  hous 
where  the  banl  »1   perpendic- 

ularly, the  ground  is  cultivated  with  the 
minutest  care,  as  only  Italians  can  do 
it.  and  the  hillside  reminds  one  'if  the 
lemon  orchards  hanging  above  Amalfi. 

Dimensions  of  Cornell  Dam 

\s  is  the  case  with  much  that  is  greal 
and  powerful,  the  new  Croton  dam  d< 
nt.t  make  visible  its  sources  of  strength. 
Its  strength  is  hidden.  Enormous  as  it 
appears,  massively  stretching  across  the 
valley  between  converging  heights,  it 
must  he  noted  that  two-thirds  of  its  m: 
onry  is  out  of  sight,  below  the  surfa 

From  foundation  to  crest,  the  dam 
measures  j>>j  feet.  From  side  to  side  of 
the  valley,  it  measures  a  length  of  2,168 
f  which  t.000  feet  is  used  for  spill- 
way. It  dips  down  to  a  depth  of  131 
feet  below  the  bed  of  the  river,  and 
rises  t<  >  [6]  feet  above.  Its  base  stretel 
1  >ut  ever  a  width  of  206  feet,  and  it  ris 
diminishingly  till  hut  tS  feet  across.  And 
its  face,  concave-fronted,  is  hue  to  look 
upon,  both  for  beauty  and  strength. 
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The  Flash-Board  System 

At  any  time,  by  means  of  a  flasl 
s\  stem,  th«  apacit)  •  if  tin 

voirs  can  he  greatly  in<  I.     [nd< 

h\   appl)  ing  the  rlash-bi  iar<  h  of 

the      reservoirs,      billiei  iter 

C(  tuld  be  .stored  in  addition  to  the  u 
capacity. 

Acr<  iss  the  spillwa;  ral  1  if 

reservoirs,  holes  have  been  bored  into  the 
rock,  an  inch  in  diameter  and  eighteen 
inches  apart.     In  tin  I  malleable 

inm    rods    projecting     upward  uiy- 

four  inches.  Then,  behind  this  row  of 
rods,  and  fastened  to  them  by  heavy  wire- 
nails  curved  around  the  rods,  is  placed  a 
line  of  24-inch  hoards,  on  edge,  ami  gen- 
er<  lusly  '<  iverlapping  1  me  an(  itl 

It  looks  absurdly  simple:  it  is  the  very 
extreme  of  simplicity,  indeed  ;  and 
experience  has  shown  that  those  flash- 
boards  really  hold  the  water.  Sometii 
when  a  line  of  boards  has  been  allowed  to 
remain  after  the  coming  of  cold  weatln  r 
(the  additional  water  supply,  of  course, 
being  principally  needed  in  the  summer 
time),  the  pressure  of  ice  upon  the  flash- 
line  has  been  t  as  ti  1  bend  the  iron 

rods;  and  yet  the  iron  rods  may  he  bent 
without  breaking  the  boards.  \nd 
should  there  he  a  giving  way  of  the  flash- 
line  at  any  time,  no  damage  would  be 
done,  for  there  would  he  but  a  rush  of 
water  through  the  spillway. 

Accidents  Discounted 

car.  fully  planned  has  hern  all 
work  on  these  dams,  that  in  every  1 
where  1   in  a  disch; 

pipe,    t1  n  three. 

Th  an       important 

factor  of  securit)  :  for,  should  there  bi 
accident  t"  mother 
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can  be  called  into  requisition.     Were  it  somewhat  of  payment  in  death  and  in- 

not  so,  there  might  at  any  time  be  the  juries.     The  contractors  and  engineers, 

enforced  loss  of  part  or  even  all  of  the  however,  believe  that  such  care  has  been 

water  of  a  reservoir,  and  this,  perhaps,  shown,  such  precautions  taken,  that  the 

at  a  time  of  drought.  total   of   accidents    has    been    unusually 

Tins    feature  makes     impossible,    too,  small,  considering  the  vast  extent  of  the 

such  an  accident  as  that  at  a  New  Jersey  work,  and  its  character. 


GREAT  QUARRY  FROM  WHICH  GRANITE  FOR  THE  NEW  DAM  WAS  PROCURED. 
Situated  a  few  miles  from  the  structure.— View  looking -west. 


reservoir,  some  months  ago,  when  a 
diver,  going  down  to  work  upon  the  only 
pair  of  gates  on  an  emergency  pipe,  was 
caught  in  the  terrible  suction  and  held 
fast,  with  his  body  partly  drawn  into  the 
pipe.  He  could  not  be  hauled  up ;  there 
was  no  way  of  shutting  off  the  current 
and  the  suction,  as  there  would  have  been 
had  there  been  duplicate  gates ;  and  not 
until  more  than  a  day  of  delay  and  effort, 
and  the  getting  of  aid  and  divers  from 
other  points,  was  it  possible  to  rescue  the 
poor  fellow's  body  from  the  clutch  of  the 
intaking  current.  Of  course  he  was  dead, 
long  before. 

Lives,  it  is  true,  have  been  lost  in  the 
course  of  the  enormous  works  of  the  Cro- 
ton  system.  Blasts  and  falling  rocks  have 
from  time  to  time  claimed  victims  ;  the 
aqueduct  took  its  toll  of  human  life ;  dig- 
ging deep  into  the  earth  and  piling  rock- 
high  up  above  it,  cannot  be  done  without 


A  Human  Pendulum 

And  one  man  lives  to  tell  the  tale  of 
how,  for  a  while,  he  was  a  human  pen- 
dulum ;  how,  suspended  over  space,  he 
oscillated  back  and  forth,  every  moment 
in  danger  of  death,  yet  receiving  no  in- 
jury. 

A  bucket  filled  with  rock,  blasted  out  in 
making  a  new  intake  for  the  aqueduct  at 
Croton  Lake,  broke  from  its  fastening 
and  plunged  downward  with  a  crash. 
Released  from  the  weight,  the  derrick 
boom  sprang  up — and  swept  upward 
with  it,  as  if  drawn  aloft  by  a  giant  hand, 
the  loosened  rope.  The  falling  bucket 
touched  no  one,  did  no  harm  ;  but  the 
up-flying  rope  flung  itself  about  the 
ankles  of  a  workman  standing  upon  a 
platform,  swept  him  instantly  from  his 
feet,  and  tossed  him  into  the  air ;  and 
then  he  fell — but  fell,  only  to  tighten 
the     lassoing     rope    on    the    downward 


plunge,  and  to  find  him 
swaying    awesomely,    with 
swings,  at  the  end  of  a  fifty-foot  i 
above  the  waters  of  the  lake.    There  he 
hung,  head  downward,  till  the  swaying 
>ed  ;m<l  his  fellow  workmen  were  able 
to   reach   him   in   his   strangely   perilous 
position. 

<  >n  January  28,   [905,  th<  of  the 

it  dam  were  closed,  and  the  water 
allowed  to  begin  impounding.  By 
March  11  it  had  risen  but  28  feet,  on  ac- 
count of  the  cold  weather;  but  on  two 
days  in  March  it  rose  15  feet,  and  the 
higher  it  rises,  the  more  a  fool  means. 
Then,  so  swiftly  came  the  water  after  a 
March  thaw,  that  the  blow-pipes  were 
for  a  time  thrown  open,  and  hundred 
millions  of  gallons  were  allowed  to  flow 
away.  Then  it  began  rising  again;  but 
a  remarkable  spring  drought,  and  the 
constant  demands  for  the  city's  use. 
checked  the  rise,  and  not  till  the  coming 


win! 

rk. 

\\  ith  ■ 
on  this 

smi  : 
countrj . 
felled  trees,  1' 

sioii 

try  has  been  d.     It 

a  park-lik< 

and  the  da 

stone  walls  and   new  bi 

money  lavishly  expended  1 

water  and  keep  it  fl 

And  soon  tin-  city    will 
farther  new  region 

ditional  supplj ,  f<  >r  all  tl 
water  will  be  used  and  more  will 
quired. 


Trust  in  the  Future 


a 


k\l  )\V  not  what  the    future  hath 


Of 


marvel  or  surpn-c. 


\^'    Assured  alone  that   life   and   death 
His   mercy   underlies. 


And  so  beside  the  Silent  Sea 

I    wait  the  muffled  oar; 
No  harm  from  Him  can  come  to  me 

On  ocean  or  on  shore. 


I  know  not  where   Hi-  irlands  lift 

Their  fronded  palms  in    air; 
I  only  know  I  cannot  drift 

Beyond  His  love  and  care. 

—J.  G.  WHITTIER. 


■  .w"  OF  A  TERRA-COTTA  PLANT. 


Art-Industry  of  Terra-Cotta 

The  Modern  Counterpart  of  an  Ancient  Craft— Its  Importance  in  Architectural 

Construction  and  Ornamentation 


By  IVAN  C.  WATER.BURY,  Ph.  B. 
Formerly  Editor  of  Brick 


THE  American  terra-cotta  industry 
is  in  the  infancy  of  a  giant.  For 
the  last  quarter-century,  clay- 
working  has  been  unfolding 
new  wonders.  Of  these,  if  we  except  the 
ancient  art  of  pottery,  the  most  striking 
have  been  developed  in  terra-cotta.  Lat- 
ter-day inventions  are  making  this  ware 
a  rival  of  sculptured  si.^"a  for  archi- 
tectural ornament,  and  a  more  ■  verful 
rival  of  hewn  stone  for  plam 
material.  Terra-cotta  is  more  pla_ 
durable  than  natural  stone,  and 
itself  to  higher  and  more  varied 
effects.  Though  it  can  never  equal  mar- 
ble in  grandeur,  yet  it  can  produce  com- 
binations of  warmth  and  grace  of  which 
marble  is  incapable. 

An  Ancient  Art 

Modern  terra-cotta  manufacture  is  the 
revival,  extension,  and  improvement  of 
an  art  which  the  ancient  Greeks  and  their 


ilding 
c  and 
lends 

color- 


Roman  imitators  cultivated  to  a  high  de- 
gree of  excellence.  They  used  terra-cotta 
for  a  great  variety  of  purposes,  from  the 
commonest  objects  of  everyday  utility,  to 
elaborate  and  ambitious  works  of  art  such 
as  statuettes  and  colossal  statues  and 
groups.  In  this  art,  the  ancients  sur- 
passed the  moderns  in  beauty  of  form. 
The  moderns  surpass  the  ancients  in  dur- 
ability, variety,  and  finish.  It  is  note- 
worthy that  terra-cotta,  alone  of  all  clay 
products,  can  never  be  moulded  by  ma- 
chinery. So  much  artistry  is  demanded 
by  its  variety  of  form,  that  it  must  always 
remain  a  handicraft.   ■ 

The  manufacture  of  terra-cotta  in 
medieval  and  modern  times  had  been  very 
limited  until  within  the  last  thirty  years. 
Now,  this  ware  is  an  almost  indispensable 
item  in  metropolitan  architecture.  Its 
production  has  received  a  powerful  stim- 
ulus from  the  discoveries,  dating  from 
1873,  of  a  vast  number  of  Greek  terra- 


These 
arc  the  fruits  of  ex< 
tions   ;n    Tanagra,    i 
inth.      Si   >  rua. 
Tarentum,    (  >  renaica, 
and    many    other 
in   what   constituted   the 
ancient  <  Ireek  world. 

In  the  baked  cla) .  the 
( Ireek  sculpt  irs  f<  nmd  a 
medium    for   ex] 
what   could   not   be 

»sed  in  marble.  Mar- 
ble was  a  peerless  ma- 
il for  the  superhu- 
man grandeur  of  their 
heroes  and  deities.  T<  r- 
otta  afforded  them 
wherewithal  to  represent 
in  the  plastic  art  what 
in  painting  would  be 
called  -  the     homelii 


The  Dry-Pan,  whu 


hu- 
and  pathos  in  everyday  Greek 
lit"..-.  Examples  of  such  subjects, 
treated      with  mplicity      and 

evident  realism,  are  a  girl  milking  a  cow, 
■k  or  a  barber  at  work,  a  girl  carry- 
ing her  playmate  on  her  hark  in  some 
game.  In  another  class  are  a  girl  playing 
with  an  infant  Eros;  and  a  beautiful 
statuette-imitation  of  the  d  W'ii 

Victory  of  Samothrace,  in   the   I. mure. 
The     statuette     supplies     the     Victory's 
..lit  hand,  which  holds  a  bunch 
of    i    ses.      In    Asia     Minor   are    found 
ips    from    sacred    mythology.    The 


I'ngroi-nd  Grog 


m<i>t  remarkable 

haron's  hark.  I  by 

Hermes.    Bacchanal  groups 
and    even    caricature    fij  tin-    1. 

with   attenuate. 1    limbs,   large   head-,  and 

^gle-ej 
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as  n.  it  1. 1  warp  i  k  in  bun 
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cap  isture.     Th< 

in    two    mould 
half  of  the  figure,  the  hah' 
war.K  stuck    together.     The    head 
made  solid  and  cast  in  a  sepal  uld, 
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figure  wei  1  he  \ 

and    ac  After    the    ] 

stuck   together,   the   wl 
up    and    finished     with     modelinj 
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r    and    texturi 
coated   ;ill   over  with  creamy-white  lime 
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f.  .i  the  application  of  i  >t: 
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bands  or  fringes.  I  Irnamerits  were  usu- 
ally gilt.    Sonic  statuettes  were  enameled. 

Much  Greek  and  Roman  terra-cotta 
architectural  ornamentation  has  been 
found— mostly  friezes  wrought  with 
11-foliage,  heads,  and  human  figures 
in  strong  relief.  The  colors  used  on  this 
exterior  work  were  generally  brown  and 
red  ocher  and  cream-white. 

To-day,  terra-cotta  manufacturers, 
like  other  clayworkers,  have  the  advan- 
tage of  modern  chemistry  for  assaying 
and   mixing  clay   and    for   experimental 


be  of  white  or  any  other  color.  For 
glazes,  slips,  and  enamels,  there  are  thou- 
sands of  recipes. 

By  no  means  all  architectural  terra- 
c  itta  is  for  ornamentation.  The  manu- 
facture of  plain,  fireproof  hollow  tiles  for 
outside  walls,  merely  colored  and  glossed 
with  slip,  has  become  the  most  extensive 
feature  of  the  business.  It  is  the  re- 
fractoriness, or  fireproof  quality,  of  these 
hollow  tiles  that  makes  them  superior  to 
stone  as  a  building  material.  The  in- 
crease in  the  demand  for  this  substitute 


MAKING  PLASTER  MOULDS. 


burnings.  They  have  access  to  many 
secrets  which  were  carefully  guarded  for 
ages  by  potters.  Hence  their  ability  to 
make  their  ware  more  durable  than 
stone,  and  to  secure  almost  any  color 
combination  desired,  by  the  manipulation 
of  clay.  They  are  also  rapidly  increasing 
the  number  of  shapes.  Xow,  for  exterior 
ornamenrition  of  buildings,  hollow  tiles, 
with  design  on  their  front  surfaces, 
are  be  Dining  widely  popular.  Their 
beauty  ^enhanced  by  the  application  of 
slips  and  enamels.  A  slip  is  a  vitrified 
coating  of  clay  used  to  impart  color  and 
gloss  to  the  ware.  A  glaze  is  a  trans- 
parent glass  coating,  colored  or  colorless. 
An  enamel  is  an  opaque  glaze,  and  may 


for  stone  is  phenomenal  in  America,  be- 
cause in  no  other  country  are  building 
operations  so  active.  The  total  value  of 
terra-cotta  produced  in  the  United  States 
in  1901  was  $3,367,982.  Of  this,  $2,874.- 
290  worth  was  produced  east  of  the  Mis- 
sissippi river.  This,  for  an  American 
art-industry  only  twenty  years  old,  is  a 
remarkable  showing. 

The  Raw  Material 

Terra-cotta  factories  are  located  in 
various  States ;  but  the  vast  preponder- 
ance of  the  product  comes  from  New 
York,  Xew  Jersey,  and  Illinois.  Usually 
the  body  of  the  ware  consists  of  a  mixt- 
ure of  clays  which  burn  to  a  strong  buff ; 


AR  i 


MODELING  THE  AKT-WARE. 


or,  if  mure  ferruginous  clays  arc  used, 
to  a  red.  The  ferruginous  clays  are  un- 
desirable, as  they  are  the  less  refractory; 
and  refractoriness  is  now  the  first  re- 
quirement of  terra-cotta.  As  there  are 
thousands  of  recipes  for  the  slips,  which 
are  sprayed  over  the  surface  of  the  ware 
in  the  form  of  a  thin  film,  re«l  or  any 
other  color  can  be  secured  to  match  the 
hue  nf  any  building  stone  or  brick. 

America  leads  the  world  in  the  produc- 
tion of  the  clayworking  machinery  that 
has  revolutionized  all  clay  industries 
within  a  quarter-century.  Terra-cotta, 
however,  can  benefit  from  only  such  ma- 
chinery as  is  used  to  dig  and  prepare 
the  clay  for  moulding.  In  the  matter  of 
moulding,  the  making  of  terra-cotta  must 
always  remain  a  handicraft. 

The  location  of  factories  nowadays 
determined  more  by  transportation  facili- 
than  by  the  distribution  of  clay  de- 
posits.     Too    many    kinds   of   clay    i 
needed     in     the     ware — for   body,    slips, 
glazes,  and  enamels — for  any  one  locality 
to  yield.    Therefore  the  mining  and  ship- 
ping of  clays  by   firms  that  do  nothing 
else  has  become  an  important  brand 
commerce.     In  some    favored    localities, 


where   refractory  clays  are   plentiful,   a 
factory  may  dig  the  clay  for  the  b 
its  ware.     By  "body"  is  meant  everytl 
in  a  pi<  pt  the  slip, 

i  ir  enam(  1. 

The  raw  clay  is  obtained  eitl 
quarrying   or    by    underground    mil 
Where  the  clay  bed  ir  the 

of  the  ground, only  pit-quarrying  is 
sary.    Then  the  clay  is  quarru  ■':  ! 
of  a  plow  and  a  steam  sh  But  in 
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Casting  the  Wet  Clay  in  Plaster  Moulds. 

regions  where  the  clay  or  shale  deposits 
underlie  coal  scams,  the  clay  has  to  be 
mined  by  sinking-  a  shaft  through  the  coal 
seam,  and  by  constructing  levels  leading 
into  the  clay  from  the  shaft.  Sometimes 
the  underground  clay  deposits  occur  in 
drifts  or  slopes.  In  such  cases  the  clay 
must  be  mined  by  digging  a  tunnel  co- 
incident with  the  slope  of  the  deposit. 
After  the  clay  is  quarried  or  mined,  it  is 
hauled  to  the  works  on  wheelbarrows  and 
carts  if  the  distance  is  short,  and  by  tram- 
cars  <>r  bucket-conveyors  if  the  distance 
is  great.  Some  bucket-conveyors  are  five 
miles  long.  Sometimes  the  tram-cars  are 
drawn  several  hundred  yards  up  an  in- 
clined plane  to  the  works  by  a  wire  rope 
which  winds  around  a  steam-turned 
drum.  For  distances  of  several  miles, 
the  tram-cars  are  operated  by  electric 
trolley. 

A  little  terra-cotta  is  made  in  Ohio, 
Michigan,  Kentucky,  Maryland,  and 
Georgia.  In  New  Jersey  there  are  sev- 
eral firms  manufacturing  the  ware  from 
neighboring  pits.  The  same  clay  is  used 
in  Pennsylvania  and  New  York,  though 
some  firms  in  the  southwestern  portion 
of  the  latter  State  use  Devonian  shales. 
There  is  a  larger  plant  at  Terra  Cotta, 
Illinois,  using  local  refractory  clays  for 
bodies.  The  largest  plant  in  the  United 
States,  that  of  the  Northwestern  Terra- 
Cotta  Company,  is  situated  in  Chicago. 
The  methods  used  therein  well  exemplify 
the  present-day  manufacture  of  this 
ware. 


A   Terra-Cotta    Plant— Grinding,    Mix- 
ing, and  Tempering 

The  works  cover  eight  or  ten  acres, 
though  the  clays  are  all  shipped  in  from 
distant  points.  The  first  stage  of  the 
manufacture  consists  in  the  preparation 
of  the  clays  ;  and  includes  grinding,  mix- 
ing, and  tempering. 

The  grinding  is  done  in  a  dry-pan. 
This  apparatus  is  a  steel  pan  a  foot  deep 
and  ten  feet  in  diameter.  The  pan  is 
revolved  slowly  by  steam  power.  In  the 
bed  of  the  pan,  rest  two  ponderous  steel 
rollers,  made  to  revolve  by  the  friction  of 
the  pan.  Each  roller  measures  a  foot 
wide  in  face  and  four  feet  in  diameter. 
This  dry-pan  grinds  alternately  raw  clay 
and  grog.  "Grog"  is  the  trade  name  for 
fragments  of  old  pottery  and  other  clay- 
ware,  which  are  ground  to  dust  and 
afterwards  mixed  with  the  clay  to  stiffen 
the  clay  body,  to  reduce  shrinkage,  and 
to  prevent  warping. 

After  the  grinding,  the  clay  or  grog  is 
carried  on  belt-conveyors  to  the  top  story 
of  the  building,  and  deposited  in  store- 
bins.  One  store-bin  receives  the  grog, 
and  each  of  the  other  store-bins  receives 
a  different  kind  of  clay. 

A  chute  connects  each  bin  with  a  mix- 
ing machine  on  the  second  floor.  This 
huge  apparatus  is  divided  into  five  sec- 
tions, each  connected  with  a  different 
store-bin  by  a  chute.  Thus  one  section 
receives  grog,  and  the  others  each  a  dif- 
ferent kind  of  clav  to  contribute  to  the 


. 

Modeling  with  Clay  on  an  Unfinished 
Plaster  Mould. 


mixture.     From  the  chute,  tl 
falls  upon  a  revolving  iron  plate,  which 
turns  the  dust  into  a  long,  deep  au 
trough.     A  r  fitted  to  each  plate 

determin<  s  how  many  barn 

•i  shall  the  auj 

trough.     Thereby  the  attendant  can  de- 
cide  the  proportions  in  which  tl 
and  vai  i  e  mixed.     The  | 

portions  arc  \  the  kind 

of  ware  desired.     In  the  aug  ugh, 

the  dust  is  mi  I  with  water  from  a 
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pipe;    and    the    huge    auger,   revolving 
throughout  the  length  of  the  trough, 
gins  the  mixing,  and  -  the  resultant 

mud  into  an  adjacent  horizontal  pugmill. 

This    apparatus     is     another     trough, 
throughout    whose    length    revolves 
heavy,   square    iron    beam.     From   this 
1         i,  radiate  many  powerful  knives 
arranged    as    to     form    another    a 
Here  the  material  is  further  mixed  and 
watered,  the  process  being  called  "] 
ging."     The  action  of  these  kin- 
dle   clay    mixture    into    a    chute. 
Through  this  the  mud  passes  into  a  ver- 
tical pugmill  on  the  main  floor. 

A  vertical  pugmill  differs  from  a  h 
zontal    pugmill    only    in   that   the   knife- 
bearing  axis  is  incased  in  an  upright 
cylinder  instead  of  turning  in  a  horizontal 
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WHERE  SLIPS,  GLAZES,  AND  ENAMELS  ARE  MADE. 
View  showing  blunger  machines. 


ami  upside  down,  but  also  as  cut  up  into 
sections.  In  other  words,  he  has  to  draw 
the  inner  profile  of  each  section  of  the 
mould.  After  these  mould-designs  are 
drawn  on  paper  in  black  ink,  they  are  re- 
produced in  blue-print.  Each  drawing 
bears  the  mould-number  for  the  further 
guidance  of  the  manufacturers,  and  the 
piece-number  for  the  guidance  of  the 
builder.  The  blue-print  is  laid  under  a 
sheet  of  thin,  transparent  paper,  in  which 
the  design  on  the  blue-print  is  pricked. 


The  Slip-Room. 

Here  the  slips,  glazes,  and  enamels  are  sprayed  on 

the  green  ware. 


Then  the  blue-print  is  laid  aside,  and  a 
sheet  of  zinc  is  placed  under  the  pricked 
paper.  By  following  the  outline  pricked 
in  the  paper,  the  design  is  cut  out  in  zinc. 
This  zinc  design  is  called  a  "templet." 
It  is  nailed  to  a  small  board  structure 
called  a  "horse-mould." 

Meanwhile  a  "core"  is  built  on  a  low 
platform.  For  most  work  a  core  consists 
of  a  board  supported  on  edge  by  a  little 
brick  wall  on  each  side.  This  core  is 
buried  in  wet  plaster.  Along  the  plaster 
ridge  thus  formed,  the  templet  is  drawn 
several  times,  thus  clearly  cutting,  or 
rather  scraping  the  shape  of  one  side  of 
the  mould.  The  core  is  then  removed, 
the  ridge  cut  to  the  proper  length  with  a 
hand-saw.  and  the  ends  filled  with  wet 
clay;  and  after  the  order-number  is  cut 
into  the  back  of  the  piece,  the  whole  is 
set  aside  to  dry.  The  other  four  sides 
of  the  mould  are  made  in  like  manner, 
a  new  templet  being  made  for  each  piece. 
Later,  the  pieces  are  taken  in  a  semi-dry 
condition  to  the  "combing-table."  There 
a  workman  scores  the  whole  face  of  each 
piece  in  parallel  grooves,  with  a  toothed 
chisel  called  a  "steel  comb."  These 
grooves  cause  the  ridges  on  the  surfaces 
of  all  terra-cotta  hollow  tiles  where  the 
design  is  not  intricate.     As  soon"  as  the 


AR1 


pieces  are  dry,  they  are  fm 
with    the    aid    of    clay    sh(  iuld<  '1 

clamped  in  place  with  iron  bands.    Look- 
ing now  int<>  this  plaster  mould,  one  thian,  » iothi< 
the  rev<    ■       f  the  outside  of  a   hollow  plet  v\ 
block.     It  is  difficult   for  the  layman  to      cla 
understand,  because  hi            the  tile  not     finished.     Th< 


OUTSIDE  VIEW  OF  A  KILN. 


onlv  outside  in,  hut  also  upside  down.  It 
is  like  reading  a  mammoth  type. 

In  moulds  completed  in  the  foregoing 
manner,  only  the  simpler  ware  can  be 
cast,  such  as    plain    ashlar  blocks 

wh<  -  nsist  of  parallel  rid 

and  hollows,  li  any  scrollwork  or  other 
intricate  ornamentation  is  required,  the 
pieces  of  the  mould  have  to  be  taken  to 
the  modeling  department  before  they  are 
fitted    together.     The    same     is   true      i 


column     mould 
den  axis  with 
dm  journal-  i  in 
buried  in 
d  by  i 

san  i 

the  axis,  and 

sha] 

turning  th 

f<  »r 

capital     01  d. 
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Inside  of  an  Empty  Kiln. 

Showing  central  fire-shaft,  also  "clay  trials"  in  the 
wall  chinks. 


length,  a  column  is  seldom  cast  in  one 
piece.  The  plaster  column  is  allowed  to 
dry  on  the  core.  Then  it  is  covered  with 
fresh,  wet  plaster  in  such  wise  that  the 
same  can  be  removed  in  sections  after 
drying.  The  sections  thus  removed  con- 
stitute the  finished  mould  for  a  simple 
Doric  or  Tuscan  column.  This  mould, 
and  those  for  plain  ashlars  and  other 
pieces  that  do  not  need  modeling,  go  at 
once  to  the  casting  department.  But  if 
a  Gothic  or  other  ornate  column  is  de- 
sired, then  the  plaster  column  on  the 
core  goes  with  the  unfinished  moulds  to 
the  modeling  department. 

Modeling 

Modeling  is  the  art  side  of  terra-cotta 
making.  In  the  first  place,  the  unfinished 
plaster  moulds  are  smeared  with  shellac 
in  the  places  where  the  ornamentation  is 
to  go.  Then  the  modeler  slaps  wet  clay 
over  the  shellac,  and  with  his  deft  fingers 
works  the  clay  into  the  form  of  acanthus 
leaves  or  other  tracery.  Hereafter  the 
whole  is  taken  back  to  the  mould-making 
department,  where  the  templet  work  and 
the  clay  modeling  are  buried  in  fresh  wet 
plaster  in  such  wise  that  this  new  coating 
of  plaster  can  be  taken  off  in  sections 
after  drying.  These  sections  constitute 
the  complete  mould  for  an  ornamental 
piece. 

In  the  meantime,  the  modelers  are 
doing  work  of  a  class  which  begins  in 
their  department,  and  in  which  no  tem- 


plet is  ever  used.  When  the  contract 
calls  for  lion  heads,  eagles,  gargoyles, 
caryatids,  or  regular  statuary,  one  of 
each  of  these  figures  has  to  be  modeled 
in  wet  clay  by  hand.  If  replicas  are  re- 
quired, then  a  mould  is  made  by  burying 
the  clay  model  in  wet  plaster,  which  is 
taken  off  in  sections  when  dry.  These 
moulds  follow  the  others  to  the  casting 
deoartment. 

Casting 

1 1  ere  the  work  continues  to  be  done  by 
hand.  The  presser,  or  caster,  roughly 
slaps  handfuls  of  wet  clay  from  the  pug- 
mill  into  the  open  mould,  filling  the  cor- 
ners and  covering  the  sides.  The  clay 
lining  thus  made  is  sometimes  an  inch, 
sometimes  as  much  as  two  inches,  thick. 
In  all  building  blocks,  he  then  builds  up 
carefully  the  partitions  of  the  block,  mak- 
ing from  four  to  a  dozen  compartments. 
The  hollowness  of  terra-cotta  building 
blocks  is  for  lightness  and  convenience  in 
handling  on  a  building.  The  partitions 
are  to  strengthen  the  tile.  The  larger  the 
tile,  the  more  partitions  are  needed. 
When  the  partitions  are  finished,  and  the 
clay  is  somewhat  dry,  the  mould  is  strip- 
ped of  its  iron  bands  and  taken  apart. 
Sometimes,  to  hasten  the  drying  of  the 
partitions  so  that  the  mould  may  be  re- 
moved, a  lantern  is  set  inside  of  each 
compartment  of  the  block  or  tile.    After 


Inside  of  a  Kiln  Partly  Set  with  Green  Ware. 
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the  mould 
rea 

■ 

r,  oftci 

r  moulds.  In 

ins  indestructible. 

k,  it  is  hard  t«  i  g< 

icas   fr 

r  figure-  \\>  irk  are  <  asl    in  tin 
manner  a-  the  hollow 
the  mi  mid  is  packed  full 

g  lined  and  partitioned, 
terra-cotta  statuary  is  made  solid, 
of  hollow  like  that  of  the  ancient  l 

.vever,  it  is  moulded  and  burnt  iu  two 

lure  parts.     All  of  a  statue 

r  example,  may  he  cast  in 
mould  :  and  a  second  mould  must  hen, 

the  missing  leg.    This  is  true  mainly 
•  ii  -.     Statuettes  and  medium- 
ire  usually  cast  and  burnt 
in  i  'lie  • 

Tl  u  ware  is  loaded  on  dri<  i 

hieh  the  plant  t:  eral  hundred. 

These  ears  are  made  with    from   four  to 

it     decks.       The    ear    In  "lu  - 
wholly  of  iron  pi]  rewed  into  cr 

and  T-fittings.  The  trucks  have  four  low- 
iron  wheel-.  The  laden  drier-ear  i- 
shoved  into  a  steam-drying  room.     The 

:'    each    drvim  1    i-    i 

with  coils  mi  pipe:  and  an  open, 

rack-like   Jlo.  >r  is   built    over    th< 
This   rack   receives   the   car-   laden   with 

n  wart'.     The  steam  i-  not  turned  on 
until  evening,  and  the  ware  dries 
night. 

Slipping,  Glazing,  and  Enameling 

In  the  morning  the  dried  ware  is  taken 
t'  the  slip-room.  Here  workmen  s] 
the  slip  over  the  surface  by  means  of  an 
air-prcs>urc  device.  If  enameled  terra- 
cotta i-  ired,  an  enamel  fluid  i- 
Bprayed  over  the  dried  slip;  and  so  in  the 

of  glazed  ware.     Most   terr 
receives  onl)   a  color-slip  over  the  body, 
though  nsiderable       white-enameled 

terra-cotta  is  made.     Slips  can  be  used  to 
make  the  ware  when  burned  imitate 
kind  of  st  ne.     Gray  granite, 
pie.  is  imitated  by  sanding  the 
the  preen  ware  before  drying,  and  ! 
spraying  or,    a   c,rray-hurnins,r   slip.     The 
result  looks  like  a  conventionalized  gran- 
ite.   All  other  kinds  of  building  are 
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Finishing  and  Verifying  the  Completed  Ware  Preparatory  to  Shipment 


of  granite.  The  tank  is  filled  with  water, 
and  the  clay  mixture  thrown  in.  As  the 
shaft  turns,  it  revolves  the  granite  slab, 
which  in  turn  churns  the  clay,  and 
crushes  it  against  the  bottom  of  the  tank, 
until  the  clays  are  thoroughly  disintegrat- 
ed. The  extraneous  substances — like 
sand,  pebbles,  and  loam — finally  settle  on 
the  bottom  of  the  tank ;  wdiereas  the  kao- 
linite  particles,  and  tiny  grains  of  mica, 
feldspar,  and  quartz,  being  lighter,  re- 
main suspended  in  the  water.  This  clay 
fluid  is  then  passed  through  one  Hunger 
after  another  until  it  is  purified  com- 
pletely. Then  it  is  ready  to  be  sprayed  on 
the  green  ware. 

The  glaze  and  enamel  mixtures  are 
washed .  in  the  same  manner ;  but  their 
chemical  composition  is  different.  In  the 
preparation  of  a  glaze  or  enamel  it  is 
necessary  to  use  a  stony  chemical  called 
a  fritt.  A  fritt  is  a  silicate  containing 
all  the  soluble  parts  of  the  glaze,  melted 
with  flint.  That  is,  it  contains  those 
parts  of  the  glaze  which  are  soluble  while 
the  fritt  is  in  the  rough,  but  which  be- 
come insoluble  after  the  operation  known 
as  fritting.  The  fritt  is  ground  to  pow- 
der in  a  little  chilled-steel  crushing  ma- 
chine called  a  fritt-mill.  This  powder 
is 


fused  in  crucibles  in  a 
small  kiln.  When  the  re- 
sulting compound  has 
hardened,  it  is  washed 
and  ground  like  slip. 

The  Firing  Process 

From  the  slip-room, 
the  green  ware  is  carried 
to  the  kilns.  These  are 
of  the  large  updraft-and- 
downdraft  variety.  Both 
the  walls  and  the  dome 
are  double,  and  inclose  a 
fire-space  a  foot  wide. 
The  inner  wall  and 
nether  crown  are  built 
altogether  of  fire  brick. 
The  outer  wall  and  up- 
per crown  are  con- 
structed of  common  red  building 
brick,  with  a  lining  of  fire  brick. 
Under  the  fire  -  brick  floor  are  from 
six  to  ten  coal-oil  furnaces.  The 
flames  do  not  touch  the  ware.  They  pass 
from  the  furnaces  up  the  central  fire- 
shaft ;  then  down  between  the  crowns 
and  walls ;  next  under  the  floor  between 
the  furnaces ;  and  finally  their  smoke  and 
soot  escape  up  through  a  flue  built  within 
the  central  fire-shaft  and  extending 
through  the  roof. 

The  kiln  is  "set"  and  "drawn"  through 
the  same  door.  The  ware  is  set  on  end 
in  layers,  each  layer  resting  on  a  bearing 
of  kiln  stones.  Kiln  stones  or  bearing 
stones  are  heavy  fire-tiles  measuring  3  by 
12  by  24  inches.  A  "bearing"  consists  of 
a  layer  of  them.  The  temperature  of  the 
kiln  is  taken  by  means  of  "clay  trials." 
These  are  cakes  of  the  same  kind  of  clay 
as  that  composing  the  green  ware.  The 
clay  trials  are  placed  in  peepholes,  of 
which  there  is  one  row  in  the  outer  wall 
just  above  the  furnaces,  and  another  row 
halfway  up  the  wall.  The  peepholes  are 
closed  on  the  outside  by  small  iron  doors, 
which  are  opened  from  time  to  time  for 
inspection.  In  this  way  the  effect  of  the 
heat  on  the  ware  can  be  determined,  for 


mixed  with  the  other  ingredients  of      it  is  accuratelv  indicated  by  the  effect  on 
the  glaze  or  enamel,  the  mixture  being      the  clav  trials. 


Resources  of  the  American  Desert 

A  Vast  Empire  to  be  Reclaimed   1  hroufh  I 


By  GUY  ELLIOTT  MITCHELI 


AiNTRIBUTH  >.\  to  the  sub- 
ject of  the  incr<  the 
earth's  capacity,  recently 
touched  upon  by  Profess 
Shaler  of  Harvard  University,  is  found 
in  a  recent  interview  with  Secretary  Wil- 
Bon  of  the  United  States  Department 
Agriculture  regarding  lines  of  investiga- 
tion by  lii—-  Department  heretofore  but 
slightly  expli  lited. 

An  attempt  to  secure  the  enactment  of 
laws  increasing  the  homestead  area  from 
I'.,,  ,Uii-  to  640  acres  in  the  States  of 
South  Dakota  ami  Colorado,  upon  the 
theory  that  the  non-irrigable  lands  of 
thi  se  States  were  incapable  of  support- 
ing agriculture  ami  lit  only  for  grazing, 
called   firth  the  remark   from  Secretary 


\\  ilson  thai  in 

"\\  e  ha\ 
said 

series  of  inl 

shall  make  them  all  productive.    \\ 
agricultural  expl 
i  if  the  world  ;  and  tl 
which  have  b 

.   similar   1 
West,  that  we  shall  in 
thriving  upon  all  our 
We  shall  cover  this  arid  area  with  pi 
of  varii  >us  si  irts  which  will  yield  hundi 
i  E  million; 

and  grain  for  Western 
(  Mtr  farmers  will  grow  th 
now  considered  practically  \. 


REALIZED  IMPOSSIBILITI1 

V.  S.  Senator  Paris  Gibson  standing  in  his  wheat  field  r, 

yielded  33  bushels  to  the  acre.-Surroundine  uncultivated  land  absolutely  des-. 
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An  examination  of  the  work  of  Mr. 
Wilson's  Department  shows  that  the  Sec- 
retary's statement  is  founded  upon  facts 
and  experiments  already  made,  and  not 
upon  theory.  For  years  past,  the  Depart- 
ment has  had  its  agricultural  explorers 
ransacking  the  far  corners  of  the  earth 
for  all  manner  of  plants  and  seeds  which 
might  possibly  produce  crops  in  the  va- 
ried soils  and  climates  of  the  United 
States ;  and  especially  from  the  vast,  dry 
regions  of  Central  Asia — the  "Cradle  of 
the  World" — where  the  practice  of  agri- 
culture reaches  far  back  from  history  into 
dim  tradition  and  fable,  have  come  forth 
some  of  the  most  remarkable  of  desert 
plants,  which  are  found  to  require  but  an 
incredibly  small  amount  of  moisture  to 
produce  luxuriant  yields. 

Two  Hundred  Million  More 
American  Acres 

It  has  been  estimated  that  in  the  neigh- 
borhood of  ioo  million  acres  of  the 
American  Desert  can  be  reclaimed  to  most 
intensive  agriculture  through  irrigation ; 
yet  Frederick  V.  Coville,  the  Chief  Bot- 
anist of  the  Department  of  Agriculture, 
does  not  hesitate  to  say  that  in  the  strict- 
ly arid  region  there  are  many  millions 
of  acres,  now  considered  worthless  for 
agriculture,  which  are  as  certain  to  be 
settled  in  small  farms  as  were  the  lands 
of  Illinois;  and  this  without  irrigation. 
This  applies  particularly  to  the  great 
plateaus  in  the  northern  Rocky  Mountain 
region.  "I  would  confidently  predict," 
said  Mr.  Coville,  "that  the  transforma- 
tion of  these  barren-looking  lands  into 
farms,  through  the  introduction  of  desert 
plants,  will  be  as  extensive  a  work  as  the 
enormous  reclamation  through  irriga- 
tion." 

One  of  the  most  active  explorers  of 
the  Department  is  David  G.  Fairchild,  a 
young  botanist  in  charge  of  the  section 
of  Introduction  of.  New  Seeds  and 
Plants. 

"The  greatest  surprise  to  the  agricult- 
urist," said  Mr.  Fairchild,  "and  one 
which  will  throw  into  confusion  the  cal- 
culations of  the  economist,  will  come 
through  the  utilization  of  what  are  now 
considered  desert  lands,  for  the  growing 
of  special  arid-land  crops  requiring  but 
a  fraction  of  the  moisture  necessary  for 
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I.  WHEAT  YIELD  G 

inch  of  !  County, 

the  production  of  the  ordinary  plants 
the  eastern  half  of  the    United    States, 
such  rn  and  wh 

"We  are  finding  new  plants  from  the 
table-lands  of    Turkestan    and    the 
step-  a    and    Siberia,    which 

grow  luxuriantly  under  such  conditions 
of  aridity  that  the  crops  of  the  Mis 
si]>|>i  Valley  farms  would  wither  and  'lie 
though  hed  by  the  siroc- 

wonderful  Possibilities  of  Macaroni 
Wheat 

A  single  crop,  which  would  confuse  the 
prophecies  of  the  Englishman  Malthus, 
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A  30-BUSHEL  WHEAT  YIEI 
Farm  of  Daniel  Payne,  near  Monarch,  Montana.— Surroundii  -  en  up  un  I 
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merits  hav( 
sai.l  to  be  actual 

An  Undeveloped  and  Little  Known 
Empire 

The  truth  of  Mr.  I 
merit  is  obvious  to  th< 
agriculture     who    travels    through    the 
West.     In  the  first  place,  t! 
grazing  industry   which    is    repi 
Pepartment  of  Agriculture    is    pushing     throughout  the  Wesl  does  nol  the 

[his  desert  reclamation  with  great  vigor,      encroachment  of  the  fam 
No  year  by  that  does  not  find  some      fore  di  rything  h 

pne  or  two  or  three  entirely  new  varieties      courage    true    agriculture;    and 
or  species  of  plants  of  wonderful  drouth      many     consci*  nti<  us 

istance.  Macaroni 
wheat  will  grow  with  ten 
inches  of  rainfall,  and 
yield    fifteen    bushels    to 

the  acre  where  ordinary 
wheat  is  an  absolute  fail- 
ure. This  is  two  bushels 
e  than  the  average 
wheat  yield  for  the 
United  States. 

"There  are  many  other 
crops  with  as  great  pos- 
sibilities, which  thrive  on 
but  slight  moisture,  in- 
cluding splendid  forage 
plants.  I  might  mention 
Kaffir  corn,  the 
ghums,  millets,  and 
brome  grass,  as  well  as 
new  kinds  of  oats  and 
barleys      of      wonderful 


llKAI'S      'h    T  ill  IES   OF    Dl 

Specimens  crown  in  the   arid   porlion  of  the  State  of  Wasliin. 


"The  macaroni  wheat  belt,"  said  M.  A. 
Carleton,  the  macaroni  wheat  specialist 
of  the  Bureau  of  Plant  Industry,  "ex- 
lends  on  an  average  the  width  of  the 
United  States.  The  macaroni  wheat 
country  would  include  a  very  large  frac- 
tion of  a  million  square  miles.  <  >ur  peo- 
ple  are  but  beginning  to  realize  dimly  the 
Utterly  vast  agricultural  wealth  which 
latent    in   this   enormous   area.      The 
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A  LUXURIANT  GARDEN  IN  THE  DESERT. 


Property  of  Edward  Petersen.— This  garden,  located  45  miles  from  Great  Falls, 

desert  land,  without  irrigation. 


Montana,  is  grown  on  formerly  supposed 


have  not  realized  the  difference  between 
lorn  agricultural  methods  and  those 
which  must  be  applied  to  Western  lands 
to  make  them  produce  profitably.  There 
are,  as  indicated  by  the  experts  of  the 
Agricultural  Department,  millions  of 
acres  of  extremely  fertile  land  in  the 
West  with  but  slight  rainfall,  which, 
however,  through  the  selection  of  proper 
crops,  and — equally  important — through" 
proper  cultivation,  will  sustain  prosper- 
ous farm  communities,  without  irriga- 
tion. The  difference  between  failure  and 
success,  where  the  rainfall  is  perhaps  but 
twelve  inches  a  year,  is  likely  to  be  the 
difference  between  plowing  the  soil,  on 


the  one  hand,  three  inches  deep  and  giv- 1 
ing  it  a  couple  of  cultivations  a  season, 
and,  on  the  other  hand,  plowing  it  eight 
inches  deep,  with  six  or  eight  cultiva- 
tions, thus  retaining  all  the  moisture  for 
the  use  of  the  crop  and  reducing  the 
evaporation  to  a  minimum.  Under  what 
is  known  as  the  "Campbell"  soil-culture 
system,  which  has  been  practically  tested 
on  a  considerable  scale  in  South  Dakota, 
western  Nebraska,  western  Kansas,  and 
Colorado,  land  which  has  lain  "desert" 
for  generations  is  now  being  profitably 
cropped  to  grain,  alfalfa,  and  orchards. 
Professor  Campbell  himself  has  demon- 
strated that  by  this  method  "dry  farm- 


UNIRRIGATED  RANCH  OF  EDWARD  MEISENBACH,  NEAR  GREAT  FALLS,  MONTANA. 
The  annual  rainfall  here  is  about  fifteen  inches. 


ing"  can  be  carried  to  thi  the 

kies ;"  while  the  - 
ranging  I  i  the  eastward, 

i  produce  double  their  pi 

■  »s. 

Viewed  broadly,  if  but  a  fraction  of 
remarkable  work  which  the  Departi 
of  Agriculture  and  various  agricultural 
scientists  throughout  the  country  are 
rying  on,  hears  the  fruit  which  the  men 
working  upon  it  predict,  the  world  will 
witness  during  the  :  neration  a 

utilization  of  our  once  terra  incognita — 


i 


GOD  REIGNS 


OD  reign*.      O  heart  be  still ! 
Thou  nced'st  not  have  a  fear; 
For  He  who  saveth  by  His  strong  ri^ht  1 
Bids  storm-clouds  disappear. 
And  tho'  they  rise  and  threaten  dark  disaster, 
Tru.-t  Him;  for  even  Death  hath  found  Him  in 
All  things  are  shaped  according  to  His  will; 
God  reigns.      Be  still. 

God  reigns.      O  heart  be  glad  ! 

Thou  nced'st  not  have  a  care; 
For  He  -who  satisfies  the  longing  soul 

Gives  blessings  rich  and  rare. 
And  tho*  thou  see'st,  in  future,  seeming  sorrow, 
Hope  on;  His  love  will  brighten  each  t>>-n 
He  bids  thee  to  rejoice;  then  be  not  sad; 
God   reigns.      Be  glad. 

—Olive  B.  Si 
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C  When  a  man  can  support  his  family,  it  is 
a  pretty  sure  sign  he  is  no  genius. 

C.  Luck  is  ever  waiting  for  something  to  turn 
up;  labor,  with  keen  eyes  and  strong  will,  will 
turn  up  something.  Luck  lies  in  bed,  and 
wishes  the  postman  would  bring  him  the  news 
of  a  legacy ;  labor  turns  out  at  six  o'clock,  and 
with  busy  pen  or  ringing  hammer  lays  the 
foundation  of  a  competence.  Luck  whines, 
labor  whistles.  Luck  relies  on  chance;  labor, 
on  character. — Cobden. 
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C.  Make  good. 


C.  Don't  trust  to  luck. 


C  Sit  over  just  a  little  bit. 


C.  Plan  your  work,  then  work  your  plan. 


C.Do  it  now  if  it  has  to  be  done  at  all.    Other- 
wise forget  it. 


C.  Everything  comes  to  him  who  lets  the  other 
fellow  do  the  waiting. 


C.  A  life  is  to  be  known  by  its  outgo  rather 
than  by  its  income. 


C.  Here's  to  the  prosperity  of  every  man  who 
puts  on  a  little  extra  head  of  steam  when 
necessary  ! 

(7r«) 
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Pire^eimtloim  ©f  IR,ailwa^ 
A.ccidents 

'"THE  deplorable  wreck  of  the  Lake 
*■  Shore  Twentieth  Century  Limited 
train  at  Mentor,  O.,  June  21,  calls  re- 
newed attention  to  the  appalling  mortality 
rate  prevailing  on  American  railroads. 
The  sacrifice  of  life  on  railways  in  this 
country  is  much  greater  than  in  the 
United  Kingdom  or  on  the  Continent.  It 
is  far  greater,  too,  than  merely  propor- 
tionate to  the  greater  mileage  here  than 
there.  The  mileage  basis  is  not  a  fair 
one  for  comparison.  The  only  fair  basis 
is  the  total  number  of  passengers  carried, 
and  the  ratio  between  this  and  the  num- 
ber killed. 

In  1903,  there  were  sold  in  England, 
Wales,  Scotland,  and  Ireland,  exclusive 
of  commutation  service,  1,194,000,000 
tickets,  or  nearly  500,000,000  more  than 
in  the  United  States  !  This  indicates  that 
the  number  of  travelers  there  exceeded 
the  number  here  in  the  proportion  of 
about  12  to  7 ;  and  yet  the  number  of  fa- 
talities in  that  year  was  321  Americans 
killed  to  25  British,  or  in  the  proportion 
of  about  90  to  7.  Had  the  traffic  here 
equaled  that  in  the  United  Kingdom,  the 
loss  of  life  in  America  at  the  existing 


rate  would  have  b<  i  n  5  in  the  ; 

portion  of  ab<  >ut  1 $4 
rate  on  American  uld  have  i 

about  22  tim<  .1   as  on    1 

Mortifying  as  is  this  exhibit,  it  is  l< 
creditable   than   the    showing    made    in 

l.  w  In  11,  acci  irding  t<  •  the  r<  porl 
the    [nterstat<     1 
1 .0  ( }  pass*  ng<    -  were  kill' 

Rear-end   collisions  are  the  mi 
tent  of  the  various  death-dealing   forms 
of  disaster.     Probably  the  most  efficient 
means  of  eliminating  danj  b)    the 

automatic  blo<  aling  system,  which 

was     fully    described    by     Mr.     I ».     A. 
Willey    in    the    last    number    of    The 
hnical     World     (July,    pp.     587 
.  and  which  is  more  extensively  11 
on  British  than  on  American  roads.     But 
not  even  this — nor,  in  fact,  any  other  of 
man's     devices  —  ran     insure     absolute 
safety.      For   the    ever     fallible    human 
factor — to  sa)  nothing  of  the  unpredict- 
able combinations    of    natural     f< 
must  be  presenl  in  ev<  r  The  besl 

of  signaling  systems  will  occasional!)  be 
overlooked.  The  mosl  that  can  be  done 
i-  to  minimize  the  danger — by  supple- 
menting visible  signals  with  others  that 
will  appeal  to  other  senses,  as  the  ear; 
by  adding  to  the  crew  a  man  whose  spe 
cial  duty  will  be  that  of  a  lookout;  and, 
above  all.  by  employing    in    t  ;ible 

-.  ami  paying  enough  to  retain 
them,  only  men  who  have  proved  their 
trustwi  irthiness.  Ami  even  then — well.  \<  >r 
that  matter,  we  all  of  US  "take  our  lives 
in  Mm-  hands"  every  day.  When  <>ne 
considers  the  mighty  electrical  and  other 
forces  of  nature  that  are  his  own  kith 
and  kin,  that  lie  about  him.  unseen  and 
intangible,  but  permeating  his  every  fiber, 
the  wonder  is  that  one  is  not  struck  dead 
every  time  he  puts  on  an  unarmored  coat, 
sleeps  in  an  uninsulated  bed,  <>r  t 
food  into  an  unverified  stomach. 


••: 


A  World-Capital 

YV7I IV  no1  locate  in  the  I  >istrid 
W  Columbia  the  site  <it'  the  \\". >rl«  1- 
Capital  that  is  to  be?  This  i-  a  question 
that  concerns  every  civilized  nation.  It 
is  now  six  yeafs  since  the  first  interna- 
tional Peace  Conference  met  at  The 
Hague,  on  the  hopeful  initiative  of  the 
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States  commands  this  great  highway  of 
world-commerce,  Washington  will  be  the 
most  central  ami  most  accessible  of  all 
at  capitals.  And  here  the  recognized 
international  capital  should  he  located, 
with  its  permanent  court  and  the  other 
institutions  and  structures  that  will  nat- 
urally grow  up  around  it.  The  oppor- 
tunity is  now  at  hand,  and  the  press 
should  take  it  up. 

LET  a  man  or  a  woman  once  plant  foot 
on  the  pavement  of  a  city  street  and 
catch  the  tingle  of  its  rush  and  excite- 
ment, and  in  nine  cases  out  of  ten  it  is 
good-bye  to  the  country.  This  is  natural, 
but  there  is  something  wrong.  Even  the 
weary  and  begrimed  who  crowd  our 
street-cars  morning  and  evening,  or  the 
pinched  and  wasted  creatures  one  may 
see  from  the  elevated  trains,  huddled  in 
back  yards  or  porches  amid  an  awful  en- 
vironment of  filth  and  gloom — even 
these,  you  would  find,  if  you  should  ask 
them,  have  little  disposition  to  break 
from  the  life  of  miser}'  to  which  they  are 
doomed,  and  would,  in  the  majority  of 
cases,  rather  starve  in  the  city  than 
prosper  in  the  country. 

Until  rural  conditions  are  made  as  con- 
venient, as  sociable,  and  as  attractive  as 
those  of  the  city,  this  thing  is  bound  to 
continue.  Man  is  a  gregarious  animal, 
unhappy  except  among  his  fellows. 
Moreover,  the  concentration  of  industry 
in  cities  is  an  inevitable  outgrowth  of 
our  increasingly  complicated  civilization, 
and  should  be  recognized  and  dealt  with 
as  such,  not  blindly  opposed.  At  the  same 
time,  it  is  pleasant  to  note,  there  is  an 
ebb-tide  back  to  the  land,  which  also  is 
as  natural  a  result  of  our  civilization  as 
is  the  cityward  flow.  For  man  is  natur- 
ally a  migratory  animal,  too.     In  March 


and  April  he  hears  the  "call  of  the  wild," 
and  the  impulse  to  move  comes  over  him 
almost  as  strongly  as  over  the  robins. 
Those  who  can  afford  it,  travel.  Those 
in  more  moderate  circumstances  seek 
homes  where  they  can  have  the  advan- 
tages of  both  town  and  country.  As  a 
result,  in  time,  the  regions  around  our 
cities  will  be  changed  from  farms  to  gar- 
dens. 

The  interurban  trolley,  the  rural  postal 
delivery,  and  the  rural  telephone  have 
helped  much  to  this  end  ;  but  they  are 
not  enough.  The  ambition  of  every 
thrifty  American  wage-earner  is  to  own 
a  home.  Before  this  wall  be  possible,  a 
different  method  of  subdividing  suburban 
land  will  have  to  be  inaugurated.  At 
present,  even  far  out  beyond  city  limits, 
almost  all  land  is  subdivided  into  small 
lots,  of  25  feet  or  a  little  more,  which,  if 
occupied,  would  merely  duplicate  the  un- 
attractive features  of  crowded  city  life. 
These  lots,  moreover,  are  held  at  high 
prices,  to  insure  immediate  profits  on  the 
limited  capital  of  the  exploiters. 

This  holding  of  land  for  more  than  it 
is  wTorth,  is  one  of  the  greatest  obstruc- 
tions to  human  comfort  to-day.  The 
'dove  of  money"  is  here  again  true  to  its 
divine  credential  as  "the  root"  of  "the 
evil."  It  is  against  the  public  interest 
that  spare  land  should  be  held  from  the 
people  for  long  years  to  await  a  ripen- 
ing of  the  benefit  which  the  people  them- 
selves confer. 

Probably  the  only  practicable  remedy 
would  be  to  tax  the  holders  on  a  basis 
of  their  valuation  claims.  Under  such  a 
system  of  taxation,  the  evil  would  largely 
eradicate  itself  The  lay-out  of  suburban 
roads  and  parks  with  some  reference  to 
the  lines  of  beauty,  and  the  occupation 
of  land  in  sufficient  quantity  to  have 
flowers  and  shrubbery,  would  then  be 
brought  appreciably  nearer  as  possibili- 
ties to  be  realized. 


SK* 


Early  Days  of  the  Portland  Fair 

An  Exposition  Unique  in   Historical  Interesl   and  In  Beauty  <»('  Site 


By  W.  E.  BRINDLE1 

Speci 


Till".  Lewis  and  Clark  Exposition, 
whirh  1  June   i,  is  in  full 

swing".     It  means,  ■  if  o  urse,  in- 
creased business   for  the   Pacific 
Northwest,  and  new  settlers  for  it-  un- 
developed regions ;  but  even  to  tin-  r 
dent   of  the    East  and  the   Middle   V 
wlid  has  seen  "everything  since  Chica- 
go," it  i-  wreathed  with  unique  intei 
and  exceptional  attractiven< 

A  Beautiful  Site 

The  Exposition  ha-  the  advantage  of 
a  site  far  more  beautiful  than  any  previ- 
ous world's   fair  has  had;  and  the  man- 

lent  has  taken  advantage  of  the 
t"  produce  triumphs  in  landscape  garden- 
ing, The  Fair  is  compactly  laid  out,  ' 
the  buildings  el  ami   < 

vacant   spot   is  a  plot.     Th 

roses   everywhere,   and     roses     seem    to 


luxuri; 
in  any  other 

I  'ortland 
inhabit; 

river  about    too  mil 
.m.     'I 

the  ri 
*  •  t  1 1 « •  foothills 

Grounds  and  Bulldin 

Tl 
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plan  was  abandoned  \\  hen  tl 

off  the  swaddling  cl(  ;! 

terprise  and  assumed  tl 

world's  fair.    The  exhibits  buildinj 

other  structures,  alm<  si  al 

built    after    the    style    of    th 

Renaissanc 

a  mile  wide  and  perhaps  a  mil 

tween  the  colonnade  and  Guild's   I 

the  water  feature.     The  lake  is  spai 

by  a  bridge,  called  the  "Brid 

ti<  ins,"    which    leads   to   th<  rnment 

Peninsula,  on  which  Uncle  Sam  has  five 

beautiful  buildiners.    The  sh<>\\-  of  "The 


' 


U SITED  STAT1 


Trail."  the  gaiety  boulevard,  occupy  the 
near  end  of  the  bridge,  and  part  of  the 
mainland  shore  at  either  side  ol   it. 

The  view  from  Lakeview  Terrace, 
which  is  the  central  feature  of  the  Fair, 
is  wonderfully  beautiful.  The  blue  w; 
of  the  lake  lie  below,  with  the  green  slope 
of  a  foothill  to  the  west,  while  across  the 
water  the  twin  towers  of  the  main  g 
eminent  building  pierce  the  sky  line. 

In  general,  the  exhibits  are  attractively 
arranged  and  housed,  and  those  which 
are  distinctively   Western    are     for    the 
most  part  new.     One  whole  side  of  the 
Agricultural    Building  is   given   - 
counties   in   Oregon    for   individual 
hibits  :  and  these  are  interesting,  as  the 
things  shown  in  them,  especially  the  pi 
nets  of  the  soil,  are  either  of  a  kind  un- 
known in  the  Easl  or  of  a  superior  char- 
acter.    Oregon  is  a  great  grain  country, 
and   all   manner  of   fruits   grow    in    the 
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AGRICULTURAL  PALACE. 


a  building  devoted  entirely  to  irrigation, 
and  this  is  proving  one  of  the  most  popu- 
lar places  on  the  grounds,  for  there  is 
much  arid  land  to  be  redeemed  in  Idaho, 
eastern  Oregon,  and  Washington,  and  in 
most  of  the  other  far  Western  States. 
The  government  irrigation  experts  have 
models  there,  showing  just  how  irriga- 
tion plants  are  operated,  with  water  flow- 
ing  through    the    rivers    and    spreading 


over  the  lands  that  Uncle  Sam's  millions 
are  to  reclaim. 

On  The  Trail  is  a  gold-mining  plant  in 
which  $10,000  worth  of  Klondike  gold  is 
panned  out  every  hour ;  a  new  spectacu- 
lar production  by  Kiralfy :  a  bird  and 
animal  show  from  Homer  Davenport's 
Xew  Jersey  pheasant  farm ;  and  more 
than  twenty  other  shows. 

The  Winning  of  the  Far  West 

Portland  is  but  half  a  century  old.  The 
State  of  Oregon  was  admitted  to  the 
Union  onlv  forty-six  rears  agri.  The 
very  first  ciril  government  of  Americans 
west  of  the  Rocky  Mountains  was  estab- 
lished at  the  old  Hudson  Bay  Company's 


SUNKEN  GARDENS  AND  PART  OF  AGRICULTURAL  PALACE. 


trading-post,  *  !ham] 

\\av  the  2nd  d  In  the 

span  of  man's  life — much  less  than  the 

span  of  some  men's  In 

the  whole  Pacific  Wesl  ha\ 

a  weakling  wildern< 

':  and  manly  might. 
'IT  a  man  -till  living,  not  forty 

miles  from  Portland,  who  took  a  promi- 
nent  part    in    the   organization    of   civif 


■ 


FORESTRY  UU1L! 


government  at  Champoeg,  on  the  Wil- 
lamette river.  I  lis  name  i^  Francis 
Xavier  Matthieu.  Me  was  one  of  the 
immortal  fifty-two  who  voted  on  that 
May  day  in  1843  to  organize  a  govern- 
ment, when  fifty  men  voted  against  the 
proposition.  The  fifty  were  voting  in 
the  interest  of  the  Hudson  Bay  Company 
and  the  British  Empire.  Had  the  pr 
sition  been  defeated,  as  it  came  near 
being,  the  present  Stan-  of  ' 
Washington,  and  Idaho  might  now  he 
provinces  of  the  Dominion  oi  (  ana-la. 

Speaker  Joseph  <  i.  Cannon  of  the  Na- 
tional House  of  Representatives,  in  his 
remarkable  offhand  speech  at  the  opening 
if  the  Portland  Fair  on  June  1. 
referred  emphatically  to  the  fact  that  it 
was  the  pioneers  who  saved  n  to 

the  Union  ;  and  "Uncle  Joe"  very  warmly 
declared,  that,  but   for  the  weak- 
our  statesmen  of  that  day.  we  should  now 
be  the  owners  '>\  the  entire  Northwest  up 

g       40'  line,  instead 
the  49th  parallel,  as  we  did  according 
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governmental  foothold  west  of  the  great 
Rocky  Mountain  range. 

The  Exposition  commemorates  the 
Lewis  and  Clark  exploring  expedition  of 
a  hundred  years  ago  I  [804-06)  :  but  in  a 
wider  sense  it  is  a  recognition  of  the 
heroic  period  in  American  history,  and  of 
the  pioneers  whose  devotion  won  for  us 
the  empire  of  what  may  possibly  be  our 


greatest  future  commercial  and  in- 
dustrial development. 

Vice-President   Fairbanks,   who  came 
as   the  personal     representative    of    the 

President,  referred  in  his  opening  re- 
marks to  the  unprecedented  preparedness 
of  the  Fair,  in  which  respect  this  Exposi- 
tion stands  unique  among  world-func- 
tions of  its  kind. 


ILife's  Opportunity 


,0  not  keep  the  alabaster  boxes  of  your 
love  and  tenderness  sealed  up  until 
your  friends  are  dead.  Fill  their 
lives  with  sweetness.  Speak  approv- 
ing, cheering  words  while  their  ears 
can  hear  them,  and  while  their  hearts  can  be  thrilled 
and  made  happier  by  them.  The  kind  things  you 
mean  to  say  when  they  are  gone,  say  before  they  go. 
The  flowers  you  mean  to  send  for  their  coffins,  send 
to  brighten  and  sweeten  their  homes  before  they  leave 
them.  ^  If  my  fnends  have  alabaster  boxes  laid  away, 
full  of  fragrant  perfumes  of  sympathy  and  affection, 
which  they  intend  to  break  over  my  dead  body,  I 
would  rather  they  would  bring  them  out  in  my  weary 
and  troubled  hours,  and  open  them,  that  I  may  be 
refreshed  and  cheered  by  them  while  I  need  them. 
fj  I  would  rather  have  a  plain  coffin  without  a  flower, 
a  funeral  without  a  eulogy,  than  a  life  without  the 
sweetness  of  love  and  sympathy.  ^jf  Let  us  learn  to 
anoint  our  friends  beforehand  for  their  burial.  1^  Post- 
mortem kindness  does  not  cheer  the  troubled  spirit. 
Flowers  on  the  coffin  cast  no  fragrance  backward 
over  life's  weary  way. 


TRAIN   AT  I 


The  Aftermath  of  the  Wreck 

Sacrifice  of  Lives  in  Wreck  of  World's  Fastest   Train  will  Result   in  Greater    I  'li- 
ciency  of  Employees,  Better  Safety  Equipment,  and  Sub- 
stantial Progress  In   last  Speed 


B)    UUTLEDGE   RUTHI  iRFORD 
Special  Correspondent,  Tin- 


Ci 
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WENTIETH  Century  Beats 
Father  Time — Fast* 
I  distance  Train  in  the  World 
Keeps  Vhead  o  f  F  i  x  e  d 
Schedule— Auto  Rides  Fill  in  Wait 
Two  Cities  Help  Entertain  Passengers 
While    the    1  l"iir-<  il  I  "p !" — 

this  was  the  wording  of    the    head! 
that  appeared  above  an  article  occupying 
the  principal  news  column  on  the  front 
of  a   Chicago  morning  newspaper 
of  June  i' i.    The  article,  with  many  ad- 
jectives in   the  superlative    d<  de- 
scribed the  flight  of  the  "X'nv  Twentieth 
Century  Limited-'  mi  the  firsl  trip  of  its 
new   18-hour  schedule  between  Chic 
and    New    York,   which   cities    are 
miles  apart. 

As  the  writer  read  this  description,  he 
could  n<  >t  help  considering  what  a 
rible  thin--  it  would  he    it    .an    accident 
should  happen  t<>  this  train  en  some 
of  its  daily  rnns  (two  of  the  trains  v 
scheduled  to  make  the  trip  each  day.  run- 


ning  in  op] 

nd  New  Y<  irk,  tl 
to  leave  and  am. 
the  same  instant  i  ;  what  a  t 
if  this  train  should 
skimming  over  the  earth  . 

d  :  what   :  til  should 

ned  :  what    if 
train  i  >r  vehicl 
where    should    h 

Wreck  Impossible.  Thej    Said 

But  v. 
appi 

tellii 
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Lost !"  and,  on  buying  a  news- 
paper, these  were  the  aston- 
ishing' headlines  that  met  his 
eyes : 

"Train  Burns — Twenty-One 
Dead — Twentieth  Century  Limited 
is  Wrecked  in  Ohio  and  Victims 
Roasted  Alive  —  Great  Engine 
Blows  Up  —  Horrible  Scenes  as 
Passengers  in  Blazing  Debris  Cry 
in  Vain  to  be  Rescued." 

And  then  followed  a  de- 
scription of  the  agonizing, 
heart-sickening  scenes  in  an- 
other one  of  the  railway  dis- 
asters in  America,  where  these 
awful  fatalities  have  become 
so  common  from  frequent  oc- 
currence that  they  have  ceased 
to  be  valued  as  important 
news  items.  The  same  num- 
ber of  killed  in  a  shipwreck  or 
in  a  foreign  riot,  would  have 
created  far  more  continuous 
news  comment  in  American 
publications. 

Railroad  wrecks  are  en- 
tirely too  common  in  Amer- 
ica ;  .  Americans  are  entirely 
too  careless  with  lives.  This, 
of  course,  is  because  America 
is  new.  The  newer  the  coun- 
try, the  lower  the  valuation 
generally  placed  on  a  human 
life.  But  while  America  is 
new,  it  is  not  like  a  border 
frontier  country  in  any  respect 
except  its  heedlessness  of  life. 
It  has  an  established  govern- 
ment and  laws,  and  substan- 
tial institutions  of  many 
kinds  ;  and  progress  in  civili- 
zation is  manifest  almost 
everywhere,  except  in  the 
carelessness  of  railroads  to- 
ward their  workmen  and  pa- 
trons. No  other  civilized 
country  on  earth  shows  such 
a  grewsome  mortality  from 
railway  casualties  as  America. 

Fast  speed  of  trains,  and 
progress  of  every  kind,  are 
commendable :  and  it  was  a 
distinct  step  forward  when  the 
Lake  Shore  and  New  York 
Central  railroads,  comprising 
the  main  lines  of  the  Yander- 


MlLLAl 

Who  t  Lake  Sh.  :  under  n 

on  ;n. 

hilt   system,  were  enabled    to    put    into 
service  an   [8-hour  train  between  Amer- 
ica's  two  greatest  cities.     The   \  an 
Milt  system  had  long  been  preparing 
such  an  achievement,  and  all  the  equip- 
ment was  first-cl; 

Readers  of  newspapers  remember  that 
the  wreck  of  the  Twentieth  Century  was 
caused  by  the  train's  running  into  an 
open  switch  at  Mentor,  I  >.  Railway  offi- 
cials claimed  that  the  switch  was  opened 

someone  bent  on  fiendish  malice.   Sub- 
sequent developments,  however,  pointed 
t<>  the  conclusion  that  this  wreck  was  but 
another  of  the  numerous  accidents  of  the 
kind,    and    that    it    was 
caused  by  misinterpreta- 
tion   of    i  ird<  rs.      rhere 
wa-.    a    freight    train    on 
the  track  at  the  time,  and 
one  versi<  »n  i  if  the  st<  iry 
is  that   the  approaching 
flyer    was    mistaken    f 
the  freight,  and  that  tin- 
switch  was  opened  by  an 
employee    to    admit    the 
supposed   freight  that  it 
might  remain  on  the  sid- 
ing until  the  Twentieth 
Century      had      passed. 
Was  the  Twentieth  i  Cen- 
tury   running    ahead    of 
time?       Much     will     be 
found  to  depend  on  the 
way  in   which   this   vital 
question   is  answered. 
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LAKE  SHORE  TRAIN  ON  FIRST  TRIP  UNDER  NEW  SCHEDULE. 


Road  was  Splendidly  Protected 

Undoubtedly  the  officials  of  the  Yan- 
derbilt  system  believed  the  route  of  the 
Twentieth  Century  Limited  to  be  secure 
against  accident.  It  is  probably  the  finest 
and  best  protected  railway  system  in 
America.  It  was  the  superb  roadbed, 
the  heavy  steel  rails,  the  powerful  en- 
gines, built  specially  for  high  speed,  the 
strong  and  compact  coaches,  and  the 
thorough  block-signal  system,  that  made 
it  possible  to  attempt  the  fast  runs.  The 
road  is  protected  by  3.000  miles  of  block- 
signal  system :  it  is  ballasted  deep  and 
scientifically  constructed.  Track  walkers 
patrolled  the  lines,  watching  the  condi- 
tion of  the  rails.     The  wheels  and  bear- 


Passengers  on  20th  Century  Limited  Train  that 
was  Wrecked. 


ings  and  other  running  gear'  of  each  car, 
all  of  the  finest  construction,  were  in- 
spected at  each  stop. 

America's  Finest  Train 

The  locomotive  that  pulled  the  train 
was  a  130,000-pound  engine  of  the 
Pacific  type,  built  at  a  cost  of  $25,000. 
It  was  what  is  known  as  a  Class  J  en- 
gine, with  74-inch  wheels  and  22  by  28 
inch  cylinder  carrying  200  pounds  of 
steam. 

The  train  was  composed  of  the  finest 
and  most  substantially  built  coaches  ever 
put  into  regular  service.  They  were  con- 
structed at  a  cost  of  $30,000  each.  .  Each 
was  a  palace,  and  the  train  throughout 
was   like  a    splendid    hotel    on    wheels. 

Wreck  Probably  an  Accident 

With  a  roadbed  so  perfectly  con- 
structed, with  such  an  efficient  signal  sys- 
tem, and  with  engines  and  cars  represent- 
ing the  acme  of  the  builder's  art,  it  would 
seem  that  such  a  catastrophe  from  other 
cause  than  human  fallibility  or  malicious 
intent  would  be  impossible.  Indications 
at  this  writing  tend  to  prove  that  speed 
had  nothing  to  do  with  the  wreck,  pro- 
vided that  the  train  was  not  running  so 
far  ahead  of  time  as  to  cause  it  to  be  mis- 
taken for  another  train  which  had  prob- 
ably gone  in  on  a  siding  before  reaching 
Mentor  to  let  the  Twentieth  Century 
pass. 

Efficient  employees,  with  a  life  training 
in  service  would  have  been  the  most  effi- 


Till 


t  means  of  guarding 

ident.     In   Eur  p 
ployees  are  born  into  their 
they   kimw   tluir  duties 
form     them     with     almost     m<  i  :  . 
precision. 

Tin  re  lias  in  en 
the  effect  that  the  wreck  i  l>\ 

the  jarring  open  of  the  1  i  if  tin- 

point  >\\itch;  Imt  this  sidered  im- 

probable.     I '■  >in1  - .-.  " •■'■•  s,  at  the  fa< 
end  where  the  train  enters,  have  often 

•!  subjected  to  censure  because  of  the 
small  opening  between  th< 
by  throwing  the  .switch:  but  railway  men 
know  well  that  this  opening  is  ampl 
switch   a    train   on   eithi  k    at     will 

without  danger. 

The  wreck  of  the  Twentieth  Century 
has  demonstrated  that  a  road,  to  b< 
nearly  absolutely  safe  as  possible,  must 
guard  against  the  possibility  of  misin- 
terpreting orders,  as  well  as  against  •Ian- 
impairment  of  equipment.  Effi 
cient   and   intelligent   empl<  capable 

giving  proper  orders,  and  reliable  sub- 
ordinate empl  capable  of  faithful 
execution  <<i  the  orders,  are  even  i 

■itial  to  the  safety  of  the  traveling 
public  than  carefully  equipped  roadl 
ami  high-class  rolling  stock  and  general 
efficiency  of  equipment.  <  »r.  if  the  wreck 
1  by  the  malicious  designing 
of  a   fiend,  ime    believe,    the    r 

should  see  to  it  that  such  degenerates  are 
not  given  the  power  to  wreak  such  awful 
disaster.  Keys  1  pitches  should  by  no 
>ible  means  be  admitted  to  their  i 
m.  Reliable  track  inspectors  should 
guard  against  other  injury  to  the  road 
through  malicn  >us  intent. 

<  >f  course,  all  the  precaution  that  skill 
<>f  man  could  devise  would    not    secure 
any  road  against  the  possibility  i  i 
dent,  for  humanity  is  ever  fallible;  but 
the  terrible  mortality  du<  :cidents 

American   roads   shows   that    many    im- 
provements could  he  made  in  tl 
conditions. 
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WHERE     HISTO  R  Y 


This  historic  tree,  the  site  of  which  is  still  marked,  was  supposed  to  date  back  before  the  settlement  of  Boston, 
and  witches  were  reputed  to  have  been  hanged  on  its  branches  in  the  latter  part  of  the  1 7th  century.  Under  it,  early 
in  the  1 8th  century,  was  fought  a  duel  in  which  one  of  the  contestants  was  killed.  At  the  time  of  the  Revolution, 
the  barracks  of  the  British  Army  were  located  in  its  near  vicinity.     The  tree  was  felled  by  a  storm  in   1876. 
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WAS     MAI)  E 


J 


Birthplace  of  the  great  New  England  boot  and  shoe  industry.     First  shoe  shop  buOl 
It  is  still  standing,  in  Danvers,  Massachusetts. 


Pilgnm  Hall,  Plymouth,  Massachusetts.      Home  of  the  Plymouth 
relics.     It  stands  on  Leyden  Street,  not  far  from  the  original  rock  on  whi 


HT(  )  construct  a  railroad  so  as  to  over- 
*■  come  a  grade  of  2,592  feet  within 
the  distance  of  8  1-5  miles,  may  be  re- 
garded  as  a  wonderful  achievement  in 
dern  railway  engineering.  Yet  this 
engineering  feat  was  hut  recently  accom- 
plished when  the  road  was  built  from 
Mill  Valley,  in  Marion  County,  Cali- 
fornia, to  the  dizzy  summit  of  Mount 
Tamalpais. 


Mointain-Climbing  Locomotive  or  Marine-Geared 
Type. 

Used  on  Mount  Tamalpais  Railway. — View  shows  also 
hotel  and  crest  of  peak. 

This  mountain  is  situated  about  fifteen 
miles  north  of  San  Francisco.  After 
crossing  San  Francisco  Bay,  Mill  Valley, 
a  picturesque  little  village,  is  reached  by 
electric  road.  On  an  air  line,  the  sum- 
mit of  Mount  Tamalpais  is  not  more 
than  four  miles  from  Mill  Valley,  yet,  to 
reach  the  former  point,  it  was  necessary 
to  construct  more  than  twice  that  dis- 
tance of  railroad. 

Once  a  narrow,  winding  Indian  trail 
led  up  the  rugged  southern  declivity  of 
Mount  Tamalpais.  Years  later  a  wagon 
road  zig-zagged  its  serpentine  way  to  the 
summit.  Finally,  the  Mount  Tamalpais 
Scenic  Railway  Company  wras  organized 
to  build  a  railroad  to  the  summit.    Many 
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shook  their  wise  heads  and  said  it  was 
impossible. 

Engineers,  however,  began  the  sur- 
veys ;  and  in  due  course  of  time  a  route 
was  located,  and  work  was  begun  in 
earnest.  More  than  a  year  was  required 
to  complete  the  line,  the  building  and 
equipment  of  which  were  very  costly. 

To  overcome  the  terrific  grade,  it  was 
necessary  to  extend  the  distance  to  the 
last  degree.  The  innumerable  turnings 
and  twistings  have  caused  the  line  to  be 
called  the  "most  crooked  railroad  in  the 
world." 

The  road  is  standard  broad-gauge, 
with  steam  oil-burning  traction  locomo- 
tives of  a  special  type  known  as  "marine- 
geared"  engines.  The  engines  (three  in 
number)  work  vertically  instead  of  hori- 
zontally, on  one  side  of  the  locomotive. 
These  turn  a  long  horizontal  shaft, 
which,  with  cogged  gearing,  operates  the 
drivers.  No  high  rate  of  speed  is  se- 
cured, but  these  engines  are  known  as 
"mountain  climbers" — they  can  crawl 
steadily  up  a  very  sharp  grade.  This 
mountain-climbing  road  is  not  a  cog  or 
cable  railway,  as  are  many  others 

The  average  grade  is  about  5  per  cent, 
though,  in  some  places  it  reaches  nearly 
7  per  cent.  Scores  of  the  curves  are  very 
acute,  but  the  locomotive  is  furnished 
with  universal  joints,  and  can  easily  ac- 
commodate itself  to  these  windings. 


Side  View  of  Climbing  Locomotive. 
Mount  Tamalpais  Railway. 


There  are  281  cun  the  line.     If, 

;„    Following  the    tortu 
curves -W I  been  continuous,  ther,  Id 


TXMOUS  "DOUBLE  BW  KNOT'  ON 

View  from  summit  of  mounuin. 

be  41  complete  circles  ^/^™ 
straight  piece  oi   track  is  but  4',-.   u   u         . 
and,   singularly   enough,    occurs   in 
very  "crookedest"  part  of  the  road—  tic 
famous"Double  Bow  Kn<  it"— ab  «ut  half-     M 
way  up.     Here  the  track  parallels  itself 


1 


794 


THE    TECHNICAL    WORLD 


TWO  VIEWS  OF  STEAMER  CAPSIZED  ASHORE  AT  BALTIMORE,  MD. 


Pike's  Teak,  Colorado.  .  .8V2  miles. 

Alt.  Washington.  New  Hampshire.  .  .3 
Pilatus,  Switzerland.  .  .3 

Sehynigie  Platte,  "         .  ..4V3      " 

Rigi  Vitznau,  "         .  .  .4%      " 

Monte  Generose,  "         .  .  .5%      " 

Gorner  Grat,  "         .  .  .6V±      " 

The  view  from  the  summit  of  Mount 
Tamalpais  is  one  of  incomparable  grand- 
eur and  beauty.  Mountains,  hills,  val- 
leys, plains,  plateaus,  forests,  streams, 
cities,  towns,  villages,  and  the  mighty 
Pacific  Ocean,  can  all  be  seen  over  a 
radius  of  about  100  miles.  Thousands 
of  tourists  from  all  parts  of  the  world 
visit  the  summit  to  enjoy  the  magnificent 
scene  it  furnishes,  and'  admire  the  in- 
genuity of  man. 

About  45  minutes  are  consumed  in 
making  the  ascent,  while  the  descent  is 
made  in  less  than  30  minutes.  To  guard 
against  accident,  the  engine  follows  the 
car  up  the  mountain,  and  precedes  it  on 
the  down  trip.  Thus  far  no  accident  has 
occurred. 

Located  on  the  very  pinnacle  of  the 
peak,  the  Government  has  established  a 
Signal  Station,  from  which  warnings  of 
approaching  storms  are  heralded.  A 
very  large  hotel  building  is  also  located 
on  the  summit. 
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A  CCIDENTS  caused  by  vessels  cap- 
i*'  sizing  at  sea  are  of  quite  frequent 
occurrence ;  but  seldom  is  it  that  a  craft 
turns  over  ashore.  Such  an  instance, 
however,  occurred  in  Baltimore  to  a  coast- 
ing steamer.  The  ship  was  left  on  the 
marine  railway  with  her  stern  entirely  out 


of  water,  with  the  exception  of  about  one 
foot.  The  work  of  hauling  her  out  began 
at  high  tide,  and  the  after  portion  of  the 
hull  was  braced  in  a  perpendicular  posi- 
tion by  driving  posts  under  the  rear  quar- 
ters for  shoring.  The  tide  rises  and  falls 
about  eighteen  inches  at  this  point ;  and, 
at  lowT  tide,  so  much  of  the  hull  was 
exposed  as  to  overcome,  in  spite  of  the 
supports,  the  equilibrium  of  the  vessel. 
Falling  to  port,  she  struck  the  side  of  the 
dock,  breaking  down  portions  of  the 
superstructure.  The  deck  railing  was 
broken,  and  a  part  of  the  rigging  sup- 
porting the  masts  on  the  port  side  was 
cut  away,  some  of  the  upper  plates  in  the 
hull  also  being  bent  inboard.  Below  the 
water  line,  however,  the  divers  found  the 
vessel  perfectly  tight.  The  incline  of  the 
marine  railway  was  such  that,  in  heeling 
over,  the  Hudson  forced  her  bow  under 
water  to  a  distance  of  about  fifteen  feet 
from  the  cut-water. 

One  of  the  steamers  of  a  wrecking 
company  was  sent  for.  The  first  step 
toward  righting  the  vessel  was  to  pump 
out  the  water  which  had  entered  the  hull 
through  the  port  windows  and  forward 
hatchway.  The  next  step  was  to  stretch 
cables  from  the  masts  and  deck  stan- 
chions to  powerful  tugs  in  the  harbor  and 
to  the  wrecking  steamer  and  endeavor  to 
pull  her  out  by  the  bows  into  deep  water. 
Fortunately  the  hull  of  the  vessel  was 
empty  at  the  time  she  was  docked  ;  but 
the  work  of  righting  her,  nevertheless, 
was  attended  with  considerable  difficulty, 
as  she  is  287  feet  in  length,  34  feet  beam, 
and  has  a  net  register  of  1.300  tons.  She 
has  a  cargo  capacity  for  about  2.500  tons 
of  freight,  and  accommodations  for  sixty 
passengers. 


Influence    of    Technical    Educ         n 
on  Commercial  Life 

Extracts  from  Address  Delivered  mi  Annual  Reception  to  \ 

ofthc  American  School  of  Corresponde  »ur 

Institute  of  Technology,  June  10,  i" 


By  WILLIAM  .1.  CHALMERS 

Tl  I  E  inflti  n-  to  tl 

mercial  affairs  by  men  of  tech-  i 

nical   training    in   varied    indus-  ; 

tri«.s.  is  perhaps  not  so  well  un-  musl 

stood  by  tl  man  or  educator  rep 

as  by  the  manufacturer,  who  is  brought  public. 


into  almost  daily  contact  with  the  b 
ami  seller  of  merchandise  and  securities. 
The  pr  in    mechanical    and 

electrical  engineering  has  revolutionized 
many  set  theories,  and,   for  a  time,  dis- 
turbed many  established  lines  of  bush 
We  h:r,  of  us  lived  in  and  through 

the  days  of  the  horse-power  period.     In 
th"se  days,  technical  training  was  not  a 


Not   only    d 
important 

■ 
high  building,  which 
sity  owing  to  the  high  | 

equal  if  n 

than  have  th< 
short  ; 


uisite  in  respecl  to  either  the  purchase      work  pertaii 


or  the  sale  of  securities.  But  how  differ- 
ent to-day!  The  hanker  to  whom  the  se- 
curities are  offer  a  physical 
examination  by  an  expert  engineer  into 
the  value  of  the  property  offered, 


day  no  welln  • 
without 
mechanical, 
ineering.    Tl 


gards  hoth  its  mechanical  and  electrical      tute  was  pattern* 


[uipment  and  its  possibilities.    Whether 
the  power  be  steam,  gas,  or  hydrauli 
such  a   r  li   is   necessary — into   the 

.  kind  and  c  '   fuel,  if  the  power  be 

steam;  the  kind  and  quality  of  coal,  if 
producer  an  analysis  of  gases,   if 

utilizing  the  wast  from  Mast   fur- 

n.  Ice  ovens;  an  examination  of 

the  location  and  distance  for  the  trans- 
mission lin<  :  or  an  investigation  of  the 
head  and  the  constant  or  average  supply 

"  water,  if  hydraulics.  The  power  qu 
tion,  therefore,  is  fundamental  to  all  otl 
qu  -  involved,  and  alw . 

certained    before    the    hanker 


illation  and  traffic  revenue. 
The  hanker  of  to-day,  dealing  in 
or   securities    of    gas    compai 
companies,  or  electrical  tramv. 
has  in  his  personal  servio 
engineers  specially  trained   in  particular 
lines,  or  must  employ  one  of  the  | 
sion,  whose  life  and  energy  are  de\ 
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THE    TECHNICAL    WORLD 


mercial  life  of  the  building,  so  that  the 
hitectural  work,  as  formerly  under- 
stood, is  more  the  detail  of  design  than. 
the  actual  construction  of  the  building 
itself.  Every  one  of  these  great  buildings 
must  have  the  services  of  mechanical, 
electrical,  and  hydraulic  engineers.  They 
all  play  an  important  part  in  its  construc- 
tion. In  the  construction  of  transporta- 
tion lines,  water  or  rail,  in  the  building 
of  railroads,  in  the  construction  of  loco- 
motives, in  the  building  of  viaducts  and 
bridges,  the  technical  schools  must  be 
relied  upon  for  the  men  who  are,  after 
all.  the  (Hies  held  responsible  for  the  suc- 
cess  or  failure  of  the  enterprise.  And 
these  men  are  to  be  found  engaged  in 
these  lines  of  work  in  every  known  sec- 
tion of  the  world;  and — I  am  proud  to 
say — they  are  mostly  Americans.  The 
value  of  American  enterprise  in  educa- 
tional lines  is  acknowledged  by  all  the 
nations,  and  we  are  no  longer  consid- 
ered as  second  to  any  one,  but  equal  to 
Germany  or  Switzerland — as  only  these 
two  countries,  in  my  judgment,  can  be 
considered  competitors  in  an  educational 
way,  for  technical  training. 

I  remember  the  time  when  I  first  vis- 
ited Europe,  in  1869,  when  the  technical 
schools  of  Berlin,  Hanover,  Zurich,  and 
the  metallurgical  branch  of  the  univer- 
sity at  Freiburg,  were  the  feeders  of  the 
world  where  technically  educated  men 
were  required.  What  a  change  has  taken 
place  in  our  country  in  the  years  that 
have  passed  since  1869!  To-day  no  im- 
portant mine  in  the  world  is  quite  com- 
plete without  a  graduate  from  Columbia 
University,  Xew  York,  from  Houghton 
School  of  Mines,  Michigan,  from  the 
School  of  Mines  of  Golden,  Colorado,  the 
Boston  "Tech.,"  or  some  other  such  in- 
stitution ;  and  now  the  Lawrence  School 
at  Harvard  and  nearly  all  the  State  uni- 
versities in  the  States  where  minerals 
abound,  have  their  mining  laboratories, 
where  the  reduction  of  ores  and  the 
chemistry  of  ores  may  be  thoroughly 
studied,  and  the  world  at  large  benefited 
by  the  knowledge  obtained. 

It  is  hard  to  enumerate  important  lines 
of  business  where  the  trained  engineer 
or  technical  man  is  not  in  evidence  and  a 
prime  necessity  for  business  success.  The 
days  of  muscle  are  over,  unless  guided 
by  advanced  methods  and  appliances  ob- 


tainable mainly  through  technical  educa- 
tion. 

In  the  early  days  on  the  Great  Lakes, 
a  few  hundred  tons  of  iron  ore  consti- 
tuted a  cargo.  A  long  line  of  men  with 
shovels  and  barrows  constituted  the 
power  plant  for  loading  and  unloading ; 
and  days  were  consumed  before  the  boat, 
on  reaching  its  destination,  was  again 
ready  for  a  return  trip. 

Recently  the  Elbert  H.  Gary,  now  the 
largest  lake  steamship,  was  launched  by 
the  Chicago  Shipbuilding  Company,  and 
on  her  maiden  trip  carried  12.000  tons  of 
iron  ore  to  the  dock  of  the  Illinois  Steel 
Company.  Before  this  boat  was  docked, 
giant  cranes,  carrying  elevators,  winches, 
steam  shovels,  and  other  bewildering  ac- 
cessories, w^ere  at  work ;  and  in  less  hours 
than  it  formerly  took  days,  the  cargo  was 
unloaded  and  the  steamer  sent  on  her  re- 
turn trip. 

The  cost  of  handling  and  conveying 
material  to-day  —  thanks  to  the  trained 
engineer — is  but  little  more  per  ton  than 
for  a  single  barrow-load  some  years  ago. 
The  steamship  Wolvin — to  take  an  ex- 
ample— recently  brought  to  the  Pittsburg 
&  Conneaut  Dock  Company  at  Conneaut, 
Ohio,  9,935  gross  tons  of  iron  ore.  This 
cargo  was  unloaded  in  4  hours  29  min- 
utes, by  means  of  four  Hulett  hydraulic 
machines  and  four  Brown  Hoisting 
Company's  electric  machines,  the  Hulett 
taking  ten  to  eleven  tons  at  a  load,  and 
the  Brown  five  tons.  One  of  the  Hulett 
machines  unloaded  687  tons  in  one  hour. 
The  loading  of  this  same  steamer  in 
Lake  Superior  required  under  three 
hours.  And  while  the  iron  ore  was  be- 
ing unloaded,  coal  for  the  next  round 
trip  was  being  taken  on. 

Chicago  is  built  upon  what  was  once 
a  quagmire.  All  the  older  buildings  are 
supported  on  piles  driven  down  sup- 
posedly to  hard  pan.  Xot  one,  however, 
but  has  settled — some  to  such  an  extent 
that  they  became  dangerous.  To-day, 
imperishable  pillars  of  cement  go  down 
to  solid  rock,  and  there  is  no  longer  dan- 
ger from  the  settling  of  even  the  tallest 
and  heaviest  buildings.  This  is  due  to 
an  evolution  of  method  and  engineering 
practice.  In  Michigan,  Indiana,  and  else- 
where, the  trained  engineers  have  de- 
vised means  of  delving  in  the  vast 
marshes  for  the  beds  of  marl,  one  of  the 


. 


important   constituents  of  tin 
ment  used  t<  i    place    our    tall    build 
up< -ii.    All  thr« lugh  the  ]  lent 

manufacture,  technical  skill  and  trail 
minds  and  hands  guide  and  folio 
step  ;  and  so  perfect  has  the  work  b  i 
that  the  finished  material  ; 
at  a  pn  -tit  f<  ir  a  price  below  the  ■ 
the  preliminary  preparation  of  the  ma- 
terial a  few  years  ago.  ist,  the 
mechanic,  and  the  trained  engineer  have 
worked  out  the  problem  ;  and,  bee; 
this  effort,  we  to-daj  can  build  as  n 
before.     In  every  department  of  industry 
the  result  is  the  same.    1  rememberwhen 
we  put  the  blast  on  the  iron  cup  »las  in 
fear  and   trembling,    as    we    were    de- 
pendent "ii  luck  and  chance  for  the  [ual- 
ity  of  "iir  castings;  and  the  work  that 
returned  from  the  lathes  and  planers 
in  our  shops  back  to  the  foundry  made 
operation    very    expensive.     To-day    we 
buy  pig  ir<>n  by  chemical  analysis.     The 
chemist  analyzes  the  cupola  charge;  and 
castings  of  any  required  grade  are  a 
tainty.     This   leads  to  better  and   safer 
machinery.     There   is   less   breakagi 
car  wheels,  less   wrecking  of  si 
machinery  per  ton  of    material    moved, 
and  less  danger  to  the  traveler — all  the 
result  of  technical  training  when  put  into 
practical  operation,  accomplished  only  by 
hard  work  and  close  application  of  the 
theories  learned  at  college,  applied  in  a 
common-sense  way  to  everyday  life. 

In  this  great  school,  which  bears  the 
honored  name  of  Armour,  much  has 
been  done,  and  more  will  be  done  in  the 
future,  to  train  the  minds  and  the  hand- 
so  that  they  will  work  together  for  the 
benefit  of  the  world  and  the  uplifting 
mankind.     The  wonderful  pr<  that 

Armour    Institute    of    Technology    has 
made  through  it-  School  of  Corn 
ence,  is  not  appreciated  by  the  ma 
dwelling  almost   just  without   its   w 
The  hoy  in  the  country,  the  median 
the  bench,  the  farmer  who  tills  his 
the  girl  whose  life  would  other 
a  drudgery  but  for  the  chanc 
her  to  obtain  an  education  by  corn  spond- 
ence,  must  all    feel   deep  gratitu 
only  to  the  founder-  -  if  this 
hut  to  the  man  or  men  who,  thinking 
others,   have   established  a   new 
for  their  education,  which  is  within  the 
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by   CARL  S.  DOW 


Number  Eighteen-    Projections 


IF  we  look  directly  at  the  front  of  a 
house,  we  get  an  idea  of  its  length 
and  height,  but  we  do  not  know  any- 
thing of  its  depth  (the  third  di- 
mension). If  we  were  above  the  house, 
we  should  see  its  length  and  breadth,  but 
not  its  height.  Thus  it  is  evident  that 
there  is  no  one  position  from  which  we 
can  see  the  three  dimensions  at  once.* 

By  applying  a  few  principles,  we  can 
make  a  mechanical  drawing  which  shall 
represent,  on  a  flat  piece  of  paper,  an  ob- 
ject just  as  we  should  see  it  looking  down 
upon  it,  looking  at  it  from  one  end,  from 
another  end,  from  the  front,  or  from 
the  back. 

Views 

Most  working  drawings  give  two 
views,  and  some  give  three.  These  views 
are: 

The  Plan — the  appearance  of  the  object 
when  the  observer  is  looking  down  upon  it. 
Tlie  plan  of  a  house  is  the  view  as  seen  from 
above ;  but,  as  the  arrangement  of  the  rooms 
is  the  important  point,  the  plan  is  a  representa- 
tion of  the  appearance  with  the  roof  removed. 

Similarly,  in  Machine  Drawing,  the  plan  may 
be  the  actual  appearance  as  seen  from  above, 
or  some  part  may  be  assumed  to  be  removed. 

The  Elevation — or  what  is  seen  when  the 
observer  looks  directly  at  the  object  when  it 
is  at  the  level  of  the  eye.  The  elevation  of  a 
house  is  the  view  of  the  front  as  seen  from  a 
slight  distance.  In  like  manner,  the  elevation 
of  a  machine  or  part  of  a  machine  is  the  view 
of  the  front  side. 

The  End  View  or  End  Elevation — the  ap- 
pearance of  the  end  of  the  object.  This  cor- 
responds to  an  elevation  of  a  house ;  but  in 
this  view,  the  face  selected  is  adjacent  to  that 
used    for    the    front   elevation. 


*By  looking  at  a  corner,  we  can  see  the  three  edges;  but 
two  of  them,  the  length  and  the  depth,  will  appear  shorter 
than  they  really  are.  This  condition  comes  under  the 
bead  of  Perspective,  which  deals  with  Pictorial,  not  Mechan- 
ical, Drawing. 


In  addition  to  these  three  views,  others 
show  "Sections;"  that  is,  they  show 
what  would  be  seen  if  the  object  were 
cut  by  a  saw  or  knife.  For  instance,  if 
the  cylinder  of  an  engine  or  pump  were 
cut  lengthwise  through  the  center,  the 
observer  would  see  the  interior  of  the  cyl- 
inder, the  piston,  valves,  ports,  etc.  These 
parts  are  not  shown  in  plan  or  front  ele- 
vation unless  they  are  "sectioned." 

The  number  and  location  of  these  sec- 
tional views  depend  upon  the  intricacy 
of  the  object. 

Projection 

In  order  that  the  views  may  bear  an 
exact  relation  to  one  another,  as  to  both 
size  and  location,  a  definite  plan  is  fol- 
lowed while  making  the  drawings.  This 
plan  is  called  Projection,  which  means 
that  lines  and  surfaces  are  drawn  or  pro- 
jected from  one  view  to  another,  and  the 
views  are  projected  onto  planes. 

In  mechanical  work,  it  is  necessary  to  have 
lengths  of  lines  accurate,  as  well  as  to  give  a 
picture  idea.  Therefore  Perspective  cannot  be 
used,  for  it  assumes  the  observer  to  be  at  a 
finite  distance  from  the  object.  In  place  of 
Perspective,  Mechanical  principles  are  used ; 
and  the  object  is  so  drawn  that  all  the  lines 
are  proportional  to  their  true  lengths. 

The  Two  Planes 

In  practically  all  drawings,  more  than 
one  view  is  necessary ;  and  to  show  these 
views  in  proper  relation,  two  imaginary 
planes  of  projection  are  employed.  The 
two  planes  provide  means  of  fixing  the 
location  of  a  point  in  space. 

If  a  book  is  four  feet  above  the  floor, 
you  form  some  idea  as  to  where  it  is ; 
but  if  the  book  is  described  as  being  four 
feet  above  the  floor  and  two  feet  from 
the  outside  wall,  you  have  a  much  more 
definite  notion  of  its  location. 
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Similarly,  in  Projections,  the  position 
of  a  pi  >int  is  <K  scribed  in  reference  t'  i  two 
planes,  and  these  planes  are  assumed  to 
be  at  right  angles  to  cadi  other.  One 
plane  is  vertical,  and  is  called  the  vertical 
plane.  >  ir,  simply,  the  / '  plane.  The  i  »ther 
is  horizontal— the  horizontal  <>r  //  plane.* 

Since  the  drawing  board  is    flat,    we 
cannot    actually    have    the    two   plai 
hence  we  imagine  them  to  exist.    T< 
the  drawing  flat,  we  imagine  the  vertical 
plane  >■  d  until  it  lies  in  the  same 

plane  as  the  horizontal.     This  is  shown 
on  the  blackboard.    The  line  of  inter 
Hon  of  these  planes  is  the  ground  line. 
Projections  of  Points  and  Lines 

To  aid  you  in  understanding  the  prin- 
ciples of  proji 

cardboard  about  8  by  10  inches,  and  glue 
a  strip  of  cloth  along  one  of  tl 
edg(  ach.     The  pieces  will  now  he 

hinged.     Set  them  up  so  that  they  will  he 
at  right  angles  (approximately) — "; 
them  horizontal,  and  the  other  vertical. 

Now  imagine  a  pi  »int,  as  at 
where  near  the  planes.     Look  d 
the  point  and  mark  the  point  where  the 
line  of  sicTt  strikes  the  horizontal  plane 
with  the  letter  A.     Raise  the  planes  until 


the  1 1  plane  i 

and   look  at   the 

i  if  sight  strikes  the  V  plai 

the    litter   .  /'.      [f,  1 
plane  i  the  V  plai 
'he  third  t 
I  .el   us  o  >nsider  li"   - 
or  a  penholder  may  he  used. 
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Wednesday  Night  Meeting 

Parson  "Deacon  Packard  will  now  lead  us 
in  prayer." 

Deacon  (rousing  himself  from  the  effects 
of  the  night  before)— "I— -I— It  isn't  my  lead, 
1  dealt." 


An  Improvement  Promised 

"Look  here!"  exclaimed  the  old  lady.  "I 
want  you  to  take  back  that  parrot  you  sold  me. 
1  find  it  swears  very  badly." 

"Well,  madam."  replied  the  dealer,  "it's  a 
very  young  bird;  it'll  learn  to  swear  better 
when  it's  a  bit  older." — Tit-Bits. 


Her  Idea  of  It 

Taragon  :  "The  Russians  have  great  faith 
in  the  bayonet,  the  Japs  in  the  sword.  Which 
arm  do  you  prefer?" 

Miss  Imple  (absent-mindedly):  "Both!" — 
Woman's  Home  Companion. 


A  Demonstration 

Judge:  "What  did  the  pris- 
oner do  to  you?" 

Witness:  "He  hit  me  wid 
a  pavin'  block,  Yer  'Onner,  as 
I   was  walkin'  on  the  track." 

Judge  :  "What  excuse  did  he 
give?" 

Witness  :  "Said  he  was 
testin'  the  block  signals  and 
was  givin'  me  the  danger  sign." 
-Cincinnati  Commercial  Tribune. 


clearer,  he  said:  'Now,  boys,  if  I  stood  on  my 
head,  the  blood,  as  you  know,  would  run  into 
it,  and  I  should  turn  red  in  the  face.'  'Yes, 
sir,'  said  the  boys.  'Now,'  continued  the  teach- 
er, 'what  I  want  to  know  is  this  :  How  is  it 
that  while  I  am  standing  upright  in  the  or- 
dinary position  the  blood  doesn't  run  into  my 
feet?'  And  a  little  fellow  shouted:  'Why, 
sir,  because  yer  feet  ain't  empty." 


Wouldn't  Be  Bossed 

"What"  Fell  downstairs! 
How  did  it  happen?" 

"Why,  you  see,  I  started  to 
go  down,  and  my  wife  said,  'Be 
careful,  John !'  And  I'm  not 
the  man  to  be  dictated  to  by 
anv  woman,  so  down  I  went." 
— fit-Bits. 


Somewhat  Mixed 

A  young  man  who  was  about  to  be  married 
was  very  nervous,  and,  while  asking  for  in- 
formation as  to  how  he  must  act,  put  the 
question : 

"Is  it  kisstomary  to  cuss  the  bride?" — Brook- 
lyn  Life. 


A  Question  of  Privilege 

Justice  (sternly)  :  Well,  sir,  now  tell  us 
what  you  know  about  the  fire? 

Mr."  Slewfoot  (appealingly)  :  Now,  now, 
boss,  Yo'  Honah,  yo'  knows,  sah,  dat  de  cou't 
kain't  compulsate  a  pusson  to  tell  nothin'  dat 
cremates  hisse'f. — Puck. 


Howlers 

In  his  "Comic  School  Tales,"  H.  J.  Barker 
gives  some  amusing  answers  by  children  tech- 
nically known  in  England  as  "Howlers."  "A 
teacher  was  giving  a  lesson  on  the  circulation 
of    the    blood.      Trying    to    make    the    matter 


Exclusive 

The  following  notice  is  said  to  be  posted  on 
the  door  of  an  English  country  church  : 

"This  is  to  give  notice  that  no  person  is  to 
be  buried   in   the  churchyard  but  those   living 
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iii  the  parish  ;  and  those  \\ ' 

are  requested  to  apply  t..  me.     |  5 


.  Parish  I  l(  rk 


' 


True  I  iniuilh 
said  the  crankj  • 

I,!;. 

"1  [eh  ?    gurgled  the 
dr< 

"It"    you    only    ktj>t 
•r      mouth      shut," 
went    on    the    cranky 
on<  ln't 

make  so  much  nois 

"Neither    would    you,"    replied    the    othei 
Philadelphia  Pn 

A  Narrow  Escape 

Harris      "Thej  tell  me  you  have  had  a  \ 
narmw  escape  from  death." 

Spurr:     'Ves;  the)    wen    going  to  operate 
upon  me  for  appendicitis,  tun  they  dis 
in  time  that  I  hadn't  the  money  to  pa)   for  it." 


A  Chess-Player's  Fate 

"Yi  id    the    fireman,    "there    were    two 

men  in  the  building  playing  chess,  and  01 
them  is  in  the  ruins  yet.    We  couldn't  get  him 
out." 

"Why,  how  was  thai 

"He  insisted  that  it  was  ii"t  \\\->  taoy 


Did  the  Work 

A  traveler  put  up  for  the  night  at  the 
big  hotel  in  a  small  town.  and.  before  retiring, 
left    very    particular   instructions   to   be   called 
in  time   for  an  early  train 
Early    in    the    morning    he 
was    disturbed    by    a    lively 
tattoo  upon  the  door. 

"Well  '■"  he  demanded, 
sleepily. 

"I've  got  an  important 
message  f<  >r  you !"  replied 
the  bell  boy. 

The  traveler  was  up  in  an 
instant,  opened  the  door,  and  received  from  tin- 
boy  a  large  env<  '•  pe      He  tore  it  open  hi 
and  inside  found  a  slip  of  paper,  on  which 
written    in   large    letter-..   'Why   don'l 
up?"' — Seattle  Union-Record. 

A  Tilt  of  Wits 

In   connection   with   lawyers   try 

fuse    experts    in    the    witn  in    mil 
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A  Bona  tide  Bargain 

"Yon  mn  • 
■ 

"I  didn't," 
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A  DESIRE  for  the  thrilling  seems  to 
■**■  be  firmly  implanted  in  the  human 
breast,  and  the  means  of  satisfying  this 

desire  have  taxed  the  ingenuity  of  pur- 
veyors  to  the  puhlic  amusement  from 
time  out  of  mind.  In  recent  years  there 
has  been  a  development  along  the  lines 
of  a  hazardous  fall  or  chute.  Starting 
with  the  rather  mild  performance  of  the 
switchback  railroad,  there  followed  the 
shooting  of  the  chutes,  the  high  dive, and, 
what  seemed  the  acme  of  the  hazardous 
at  the  time,  the  looping  of  the  loop.  To 
this  was  added  the  looping  of  the  gap ; 
and  then  the  looping  of  the  double  j^ap 
on  a  bicycle,  which  has  scored  probably 
as  many  falls  as  all  the  others  put  to- 
gether. Then  came  the  dive  of  death,  in 
which  a  seeming  automobile,  with  its  liv- 
ing freight,  was  made  to  jump  across  a 
space  with  wheels  uppermost;  and,  final- 
lv,  there  was  brought  out  in  Paris  an  ap- 
paratus by  which  a  vehicle  in  the  form 
of  an  automobile  was  made  to  turn  a 
somersault  in  mid-air  while  passing 
across  a  gap  in  its  track.  The  authorities, 
however,  soon  considered  this  too  dan- 
gerous for  public  presentation,  and  the 
performance  has  been  suppressed. 

The  mechanism  was  so  arranged  that, 
as  the  rear  wheels  passed  over  a  part  of 
the  track  just  before  reaching  the  gap, 
certain  springs,  which  up  to  that  instant 
had  been  under  tension,  were  released, 
and  an  upward  impulse  was  given  to 
these  wheels.  The  springs  were  tested 
every  day,  and  were  put  imder  tension  at 
the  last  moment  while  the  artiste  was 
being  placed  in  the  vehicle  by  the  at- 
tendants. The  testing  was  done  by  means 
of  a  weight  that  had  to  draw  the  springs 
down  to  a  certain  mark,  and  they  were 
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drawn  to  that  by  a  similar  weight  before 
the  car  was  launched. 

The  latter,  with  its  passenger,  weighed 
about  550  pounds,  and  was  so  con- 
structed that  its  center  of  gravity 
was  as  low  as  possible — in  fact,  was 
almost  coincident  with  the  center  of  the 
figure.  In  order  that  this  might  not  be 
disturbed,  the  passenger  was  placed  in 
exactly  the  same  place  and  the  same  po- 
sition every  evening. 

The  calculations  made  previously  to 
the  construction  of  the  apparatus,  were 
carried  out  with  great  accuracy,  espe- 
cially those  concerning  the  resistance  of 
the  air  to  the  motion  of  the  vehicle, 
which  calculations  were  the  most  difficult 
to  perform. 

The  car,  of  course,  starts  to  turn  the 
moment  the  springs  are  released,  which 
is  done  automatically ;  but  the  impression 
made  upon  the  spectator  is  very  curious. 
The  effect  is  as  though  the  car  were 
launched  into  space  and  described  the 
first  part  of  its  trajectory  just  as  if  it 
were  about  to  pass  directly  over  the  re- 
ceiving platform — and  this  is  exactly 
what  does  happen  when  the  springs  are 
put  out  of  service.  But,  when  the  car 
has  reached  a  point  about  twenty  feet 
above  the  ground,  it  seems  to  remain 
motionless  and  horizontal  for  an  instant ; 
then,  ducking  its  head,  it  makes  a  com- 
plete turn  and  seems  to  have  lost  all  its 
velocity,  and  the  spectator  thinks  it  is 
going  to  fall ;  but  he  sees,  on  the  other 
hand,  that  it  glides  down  upon  the  re- 
ceiving platform  with  an  easy  motion. 

The  character  of  work  of  this  sort, 
from  the  simplest  to  the  most  complex 
details,  involves  an  amount  of  prepara- 
tion and  experimenting  rarely  appreci- 
ated by  those  who  ride  upon  the  cars  or 


witness   the   final    r< 
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The  tumbling  automobile  at  the  Paris  Casii 
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sure  that  it  will  b« 

grade  and  yet  be  sufficient 

The  summit'.     In  the  loopii 

the  care  exercised  must  be  great 

it   is   necessary   that   the   centni 
force  must  be  sufficient  to  hold  tl 
against  the  inverted  path,  and   for  I 
the  wheels  and  moving  parts   musl 
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VARIOUS  MARKETABLE  FORMS  OF  PEAT  BRIQUETS. 


construction,  and  an  absolute  dependence  cessive  deposits  of  decomposing  vege- 
upon  elaborate  experiments  in  order  to  table  matter,  so  thickly  matted  together 
.  '  tlnf      it      <~on      hp      nrpQQprl      into      rakes 


A 


nsure  success. 

Peat  Fnael 

T  some  future  time,  this  is  the  way 
we  may  get  the  material  to  warm  us 
and  to  cook  our  meals.  The  cut  shows 
some  of  the  forms  into  which  swamp 
growth  is  made.  There  are  localities  in 
different  parts  of  the  United  States  and 
Canada,  where  the  soil  to  a  considerable 
depth  consists  of  roots,  shrubs,  and  suc- 


A  Bear  Hunt  in  Bones. 


that  it  can  be  pressed  into  cakes 
of  convenient  sizes  and  shapes.  When 
dry,  the  substance  will  burn  like  so 
much  soft  coal.  While  it  gives  out  an 
enormous  quantity  of  heat,  there  is  very 
little  smoke  from  its  combustion,  and  a 
"brick"  or  "briquet"  of  it  can  be  thrown 
into  an  open  fireplace  as  a  substitute  for 
coal.  The  illustrations  are  some  of  the 
shapes  into  which  the  peat,  or  "bog  fuel" 
as  it  is  sometimes  called,  is  compressed 
in  Canada,  and  sold  to  consumers  in  the 
Dominion.  The  peat  fuel  industry  is 
also  being  developed  in  the  United 
States. 

SMel©toia  Beas3  ftasat 

T^HE  art  of  the  taxidermist  has  been  so 
■*■  developed  that  some  remarkable 
groups  of  men  and  animals  can  be  seen 
in  the  various  museums  of  the  country. 
The  one  shown  in  the  accompanying  il- 
lustration might  be  called  a  skeleton  bear 
hunt,  for  it  represents  not  only  a  bear, 
but  a  man,  a  horse,  and  a  dog.  The  atti- 
tude of  the  figures  indicates  that  the  bear 
is  at  bay,  standing  on  his  hind  feet  ready 
to  attack  either  man  or  animal.  As  a 
matter  of  fact  the  skeletons  are  those  of 
an  Indian  mounted  on  his  horse  and  at- 
tacking a  bear  with  a  spear,  while  his 
dog  is  in  the  attitude  of  springing  to  his 
assistance.  This  group  is  to  be  seen  in 
the  museum  connected  with  the  Uni- 
versity at  Rochester,  New  York,  and  at- 
tracts much  attention. 


Testing  Lubricants 

A  New  German  Electrical  Device  for  the 


By   t  RANK  C.   \'l  R  KJ 


ANEW  German  pi 
lubricants  has  n  centl)   I"  i 
vel<  iped  by  thi 

tricitats    Get  rlin. 

The  details  of  construction   of  this  ap- 
paratus  are  of  considerable  important 
sh(  ip  and  |"  iwer  stati<  »n  engim 
The  device,  illustrated  in  the  accom- 
panying figur  lesigned  that  the 
nit  of  displacement  of  a  liquid  col- 
umn is  used  as   i        isure  for  the  internal 
friction                       f  the  lubricating  oil, 
the  otlu-r  particles  of  oil  being  examined 
moving  along  at  the  bottom  of  the  col- 
umn in  the  direction  of  the  latter.    There 
will  be  a  greater  effect  on  the  liquid  col 
nnin.  the  higher  the  friction  resistanc 
the  oil  which  is    being    examined.     The 
displacement     obtained,     then  for 
equal  speed,  will  afford  a  most  simple  and 
satisfactory  method  of  measuring  lubri- 
cating qualities  of  the  oil,  this  method  be- 
ing susceptible  of  an            omparison  for 
the  internal  friction  resistance  of  the  dif 
ferent  i  tils. 
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lent  means  of  ascertaining  the  internal 
frictional  resistance  of  the  lubricant,  con- 
sidering  not  only  the  temperature  of  the 
liquid  but  also  its  specific  weight. 

It  is  of  the  utmost  importance  that  the 
consistence  of  lubricating  oil  be  properly 
controlled,  as  it  is  well  known  that  many 
evils  result  when  lubricants  are  of  too 
liquid  a  character.  The  viscidity  of 
many  oils  decreases  very  rapidly  when 
the  temperature  of  the  lubricant  in- 
creases :  and  therefore  careful  tests  of  lu- 
bricants in  large  power  plants  and  shops 
should  be  made,  since  the  internal  fric- 
tion as  well  as  the  viscidity  varies  largely 
with  different  lubricating  oils,  not  only 
when  cold  and  under  increased  temper- 
ature, but  also  when  there  is  a  difference 
of  speed  at  the  sliding  surfaces. 

It  is  very  easy  to  see  that  a  slight  in- 
crease of  frictional  resistance  at  every 
one  of  the  thousands  of  sliding  surfaces 


and  bearings  in  a  large  machine  shop  or 
power  transmission  plant,  would  have  a 
very  great  importance  as  affecting  the 
total  consumption  of  power  at  such  an 
installation. 

This  new  German  electrical  testing  ap- 
paratus has  a  speed-measuring  device, 
which  is  thrown  in  and  out  of  operation 
by  means  of  electricity;  also  a  switch- 
board with  instruments  for  measuring 
the  current  in  amperes  and  the  pressure 
in  volts,  and  with  rheostats  for  controll- 
ing the  speed  of  the  motor  and  for  reg- 
ulating the  temperature  of  the  oil  by 
means  of  electric  heaters  within  the 
chamber  directly  under  the  fly-wheel 
compartment.  These  electrical  means  for 
obtaining  absolute  measurements  make  it 
possible  to  measure  with  the  greatest  ac- 
curacy the  frictional  resistance  of  lu- 
bricants, to  insure  the  most  satisfactory 
results. 


Engine-Room  Lighting 

Practical  Hints  that  Make  for  Economy  and  Effectiveness 


By  HOWARD  S.  KNOWLTON 
Electrical  Engineer 


THE  lighting  of  the  engine  room 
is  a  small  part  of  the  design  of 
a  modern  power  station ;  and  yet 
it  is  often  poorly  done,  because 
the  importance  of  adequate  illumination 
is  not  realized  in  its  bearing  upon  operat- 
ing economy.  There  is  much  to  criticise 
as  well  as  to  praise  in  the  lighting  facil- 
ities of  many  plants  of  comparatively  re- 
cent date.  Good  general  illumination  is 
what  is  wanted,  with  an  opportunity  for 
specially  brilliant  lighting  at  any  part  of 
the  machinery  which  needs  inspection  or 
repairs. 

For    all-around    service,    incandescent 
lamps  well  distributed  in  the  ceiling  are 


about  as  satisfactory  as  any  lighting 
equipment  thus  far  available.  A  few  of 
the  Westinghouse  "Nernst"  or  the  Gen- 
eral Electric  "Meridian"  lamps,  for  in- 
stance, skillfully  disposed  to  throw  an 
even  illumination  upon  all  the  machinery, 
are  most  effective  in  providing  light  for 
regular  operating  work.  For  the  special 
examinations  which  ought  to  be  frequent- 
ly made  of  the  shaded  portions  of  engines 
and  generators,  the  ordinary  incandes- 
cent lamp  is  perfectly  satisfactory,  pro- 
vided a  sufficient  number  of  plug  sockets 
are  installed  at  convenient  points  in  the 
engine  room.  Very  few  plants  are  ade- 
quately supplied  with  such  sockets ;  and 


the  alternative  of  runii in^f  a  loi  .  ble 

lamp  cord  promiscuous!)    about  the  en- 
•ie  room  is  n<  it  alwa)  -  desirable, 
all}   if  tin-  possibility   exisl 
in  contact  with  switchboard  fittings, 

:ommutators,  or  equalizer  stands. 
Some  very  serious  accidents  have  in  tin 
st  attended  the  striking  of  a  crane 
chain  against  charged  switch  contacts; 
and  in  a  lesser  <l<  \  the  careles 
of  lamp  c«  >r>  I  is  "pen  to  considerable  i 
jection.     Small   as   these   mattei  m, 

their   neglect   sometin  ts   in   motion 

a  destructive  chain  of  causes  and  effects 
which  result  in  the  burning  np  of  the 
plant  or  a  deplorable  bodily  injury  n> 
employees. 

\-  each  case  of  engine-room  lighting 
i-  a  special  problem  in  itself,  it  is  diffi- 
cult to  state  the  desirable  amount  of  gen- 
eral illumination.  The  dimensions  of  the 
riu >m.  the  arrangement  of  apparatus,  and 
the  color  of  the  walls,  are  all  influential 
in  the  working  result  of  any  given  in- 
stallation I't  lamp>.  It  i^  almost  always 
worth  while  to  reinforce  the  lighting 
scheme  with  light-colored  walls;  hence 
ie  noteworthy  successes  have  been  at- 
tained by  the  liberal  use  of  white-en- 
ameled brick.  The  high  first  cost  of  this 
brick  is  a  small  matter  when  the  efl 
ciency  of  the  ultimate  lighting  secured 
is  borne  in  mind.  In  such  cases,  an  al- 
lowance "f  one  [6-candle-power  lamp  t" 

■  >r  _\  square  feet  of  floor  surf.!' 
will  usually  give  a  satisfactory  general 
illumination;  hut  it  must  not  he  forgotten 
that  mi  general  stationary  scheme  of 
lighting  can  reach  the  dark  corners  of 
the  machinery.     An  engineer  cannot  be 

sonably  expected  to  make  speedy  n 
pairs  in  a  plant  where  oil  torches   have 
t"  he  held   by   hand   in  various  awkward 
positions    while   delicate   mechanical  ad 
justments    are   attempted   by   the   flaring 
and  uncertain  illumination  thus  afforded. 
Tlie  even  brilliancy  of  the  electric  lamp 
is  a  particular  advantage  in  such  wurk: 
and   if  the  lamp  socket   is   fitted   with  a 
magnet  coil   which  enables   it  t> 
tached  to  the  machinery  at  any  desired 
angle,  the  effectiveness  of  the  work 
greatly  increased . 

Although  the  lighting  of  direct-current 
railway  power  station  engine    1 
usually  carried   out    with    series    !. 
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examine  the  action  of  the  crank-pin  lu- 
brication. 

In  the  engine  room,  as  in  most  other 
commercial  installations,  lighting  is  a 
means  to  an  end ;  and  for  this  reason  it 
is  a  good  plan  to  install  the  equipment 
so  that  it  will  do  its  work  without  attract- 
ing attention   on   its  own  account.      Fi- 


nally, the  use  of  daylight  is  always  worth 
securing;  and  many  an  engine  room 
might  be  vastly  benefited  at  small  operat- 
ing cost  by  the  judicious  installation  of 
some  form  of  reflector  or  prism  similar 
to  the  equipment  so  widely  used  in  mer- 
cantile establishments  with  very  satis- 
factory results. 


Dinner-Pail  Philosophy 

C   A  man's  work  is  his  best  recommendation.  C,   Sentiment  is  one  thing;  business  another, 

C.   It  is  a   good  policy  to   leave  a   few  things  C.   Difficulties    are    meant    to    rouse,    not    dis- 

unsaid.  courage. 

C.   Every  day  is  a  little  life ;  every  life  a  day  C,   Necessary  evils  are  often  blessings  in  dis- 

repeated.  guise. 

C  Count  every  day  a  loss,  in  which  no  prog-  C,You   won't  get   help  if  you   have   that   tired 

ress    has   been    made.  feeling.     Hustle. 

C.   Set  your  stake,  and  when  you  reach  it,  set  C.A    man    who   makes    a   spectacle   of   himself 

it  further  ahead.  is   easily  seen  through. 

C.A   good   name   is   rather   to   be   chosen   than  C.   Half  an  evil  eye  can  see  more  iniquity  than 

fashionable  attire.  the  whole  of  an  innocent  one. 


C  Listen    to    the    man    who    says    things,    but 
believe  in  the  man  who  does  things. 


C.   He  who  is  the  picture  of  health  should  be 
in  an  enviable  frame  of  mind. 


C.A    machine    doesn't   need    brains.       A     man 
does.     You  must  lie  a  machine  or  a  man. 


C.   Cupid    is    a    little    fellow,    but    can    make    a 
giant  look  like  a  plugged  nickel. 


C,  There  are  a  lot  of  people  who  would  rather 
gather  tomorrow's  thistles  than  today's   figs. 


CWise    men    of    past    ages    were    no    smarter 
than  wise  men  of  to-day,  but  talked  less. 


C,  Prosperity  often  drops  in  the  hand  of  those 
who  are  totally  unfit  to  understand  what  it 
means. 


C  He  who  works  hard  and  uses  all  of  a  small 
opportunity,  will  surpass  the  man  who  partly 
neglects  a  great  one. 


CThe  bachelor  may  be  an  object  of  public  de- 
rision, but  the  married  man  gets  his  at  home. 


C  If  you  wish  success  in  life  make  Persever- 
ance your  bosom  friend,  Experience  your  wise 
counselor.  Caution  your  elder  brother,  and 
Hope  your  guardian  genius. 


Electrolysis  of  Water 

An  Improved  Type  of  Apparatus  for   the    N  l.i  mi: 

Hydrogen  on  •■  Coalmen    il  S    tie 


iu    l  >  k  .    \  i  Ik  I  1 1  ( .  k   \  i )  i  s  \\  I  l  / 


SINCE  it  has  becom< 
erate  and  supply  electric  currents 
at  small  cost,  n  and  hydi 

ii   can   be   prepared   on   a   com- 
mercial basis,  by  the  electrolysis  of  w; 
-t  of  the  apparatus  whereby  wat< 
decomposed    (consisting  of  iron 
with    iron    electrodes    and    alkali    elec- 
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PLANT  INSTALLED  FOR  ELECTROI  -.         \TER. 


trolytes)  has  heretofore  required  consid- 
erable space,  while  the  necessary  insula- 
tion   and    connection    have    been    other 
drawbacks  to  the  combined  use  of  a 
tain    number    of    cell-.     The    apparatus 
shown  in  the  accompanying  illustrati 
however. — the  product  of  a  firm  in  ' 
likon,  Switzerland — obviates  tin- 
hack-.     Simplicity  in  design  and 
supervision   are    further  points 

the   new    type   of   elect • 
made  in  sizes  up  to  3< »  h 
connection   with  a   direct-current 
up  to  250  v.  ilts.    Tl  1    ast-iron  el< 
of  the  various   individual 
ranged  like  the  plate.-  of  a  filter 
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f<  >ur  hours,  the  apparatus  must  be  cleaned 
about  every  eight  weeks.  No  supervision 
is  necessary  during  operation,  apart  from 


New  Type  of  Electrolyser. 

Cover  removed,  showing  cast-iron  electrodes  of 
individual  cells. 


renewal  of  water.  An  apparatus  yields 
per  kilowatt-hour,  168  liters  (172  quarts) 
of  hydrogen,  and  84  liters  (88.5  quarts) 
of  oxygen,  decomposing  134  grammes  of 


water.  When  used  warm,  the  output  is 
about  8  per  cent  higher.  Temporary 
overloads  as  high  as  20  per  cent  are 
readily  supported.  The  oxygen  is  97  per 
cent  pure,  and  contains  a  little  hydrogen 
and  carbon  monoxide.  The  hydrogen 
contains  99  per  cent  of  pure  hydrogen, 
and  about  1  per  cent  of  oxygen.  The 
tension  required  per  chamber  of  the  cold 
apparatus  is  about  2.y  volts.  After  the 
operation  has  gone  on  for  about  eight 
hours,  the  apparatus  attains  at  about 
6o°  C.  (140°  F.)  its  maximum  temper- 
ature, when  2.3  volts  onlv  will  be  re- 
quired  per  chamber. 

In  order  to  produce  1  cubic  meter  (35.3 
cubic  feet)  of  oxygen  and  twice  that 
volume  of  hydrogen,  about  12  kilowatt- 
hours  are  necessary,  the  price  of  the 
gases  being  mainly  dependent  on  the 
price  of  the  power.  The  price  of  the 
power  according  to  conditions  prevailing 
in  Germany  varies  from  0.2  cent  per 
kilowatt  hour  in  the  case  of  economical 
hydraulic  power,  up  to  6  cents  and  more 
in  the  case  of  a  small  steam  plant.  Tak- 
ing an  average  rate  of  1  cent  per  kilo- 
watt-hour, 1  cubic  meter  (35.3  cubic  feet) 
of  oxygen  (with  2  cubic  meters  of  hy- 
drogen obtained  at  same  time)  will  cost 
12  cents. 


To-Day 

AV/ORK  on,  work  on; 

*"     Work  wears  the  world  away; 
Hope  when  to-morrow  comes, 

But  work  to-day. 
Work   on,   work   on ; 

Work  brings  its  own  relief; 
He  who  most  idle  is, 

Has  most  of  grief. 


Connections  of  Hall  Circuit 

\estion:     1  should  like  to  know  how  t  i  ar 
range   the   wires    in   a    hall   circuit,   so   that   a 
switch  at  the  rear  stairs,  one  at  the  front  stairs, 
and  one  in   the   upper  hall  could  control   the 
lamps  upstairs. — L.  J.  //'. 

Answer:  Such  control  of  lights  from 
three  different  places  can  be  obtained  by 
means  of  the  arrangement  shown  in  the 
accompanying  sketch,  in  which  ./  and  C 
arc  single-pole  double-throw  switches, 
and  B  is  a  double-pole  double-throw 
switch,  while  the  lights  are  shown  at  the 
right,  and    the   current   enters    from    the 

tree  of  supply  at  the  left. 


If  -witch  A  is  in  the  upper  position, 
switch  A*  in  the  left-hand  position,  and 
switch  c"  in  the  upper  position,  the  lights 
will  glow.  Throwing  any  one  "t'  these 
three  switches  into  opposite  j><  >>it i<  >n .  will 
cause  the  lamps  to  g<  i  out.  The  lights 
are  thus  under  complete  control  of  all 
three  switches,  as  shown.  It  desired,  ./ 
and  C  can  be  replaced  by  the  ordinary 
three-way  switch. 


Expansion  of  Iron 

Question  i:     0>ul<l  you  tell  me  what  is  the 
expansion  or  elongation  of  a  bai 
steel  a  foot  long  when  it  is  heated  t< 
dinary  working  heat  ? 

Question  2:  T  would  like  to  know  the 
tension  when  an  iron  tire  is  shrunk  on  a 
wagon-wheel. — /.  B. 


.  U 
si(  in  f<  r  in  in 



are  finished  under  the  hai 

900     F.  :  and   when   th> 

arc-  cold,  their  temperature  is  ab 

is,  th  ,  a  difl 

840    between  the  working  and  tin 
ished     temperatui  the 

ffici<  nt  i'  »r  this  rang< 
I      .00544  1.     As  the  length  is 
or    12   inches,   it   will   ii 
1  .<  *  »5  v   inch  ;    or,  at  1 
perature,  its  length  will  be  12.0 

.  Inswer  2:     The  • 
shrinkage  1  if  in in  til 
approximately  only  when  all  the  din 
sions    are    known,     the    allov 
Since  <>n  a'wagOn-wheel   the  rim   'v 
will  be  c<  m  pi  hat,  d 

tensi<  in  in  the  in  in  tire  w  ill 
The  principle,  hi 
followed   in   shrinkii 
• 

w  h< 
and    th' 

h. 


812 


THE    TECHNICAL    WORLD 


CONSULTING  DEPARTMENT— (Continued) 


Voltage  of  Lamps 
Question:  What  voltage  lamp  should  be 
used  on  a  generator  having  a  compounding  ef- 
fect of  25  volts?  At  no  load,  the  voltage  is 
and  at  full  load  Uoo  amperes),  it  is  250 
volts;  luit  it  is  not  very  often  that  it  is  fur- 
nishing full  load,  as  we  have  only  one  n-horse- 
power  motor  in  use  at  the  present  time.  We 
have  250-volt  lamp-,  but  get  poor  results.  On 
the  other  hand,  if  we  get  lower  voltage  lamps 
and  should  put  on  more  motors,  the  lamps 
would  not  last  long. — N.  L.  J. 

.  Inswer:  It  is  impossible  to  satisfy  en- 
tirely the  conditions  which  you  mention, 
and  the  best  you  can  do  is  to  make  a  com- 
promise. In  order  to  do  this,  it  will  be 
absolutely  necessary  to  know  through 
what  limits  your  load  varies  now  and 
will  be  made  to  vary  in  the  future.  Prob- 
ably the  best  thing  you  can  do  is  to  ob- 
tain an  estimate  of  the  average  voltage 
upon  your  line,  and  get  lamps  suited  to 
that.  Very  likely  a  lamp  of  230  to  235 
volts  will  give  you  fairly  good  satisfac- 
tion. 


Horse-Power  of  Automobiles 

Question:  Is  horse-power  in  automobiles 
measured  in  foot-pounds  ;  and  if  so.  will  a  20- 
H.  P.  automobile  lift  660,000  foot-pounds  per 
minute?— W.  H.  B. 

Answer:  The  horse-power  of  any  ma- 
chine or  engine  is  calculated  from  the 
same  general  principles.  That  is,  we 
multiply  the  force  by  the  space  through 
which  it  acts  in  a  minute,  and  divide  this 
by  33.000,  which  gives  the  horse-power. 
A  20-horse-power  automobile  will  do 
20x33,000  (=660.000)  foot-pounds  of 
work  per  minute. 


Star  and  Delta  Connections  — Current 
Transformation— Magnetism 

Question  1:  Under  what  circumstances  are 
the  star  and  delta  three-phase  connections 
used? 

Question  2:  Why  will  a  direct-current 
motor  run  on  an  alternating-current  lighting 
system,  the  current  having  passed  through  two 
transformers  of  the  ordinary  type  ? 

Question  3:  Will  pure  alternating  currents 
direct  from  a  dynamo  produce  magnetism  in  an 
ordinary  electro-magnet  ? 

Question  4:  Is  there  a  positive  or  negative 
to  wires  carrying  alternating  current  ? 

Question  5:  Does  magnetism  injure  the  qual- 
itv  of  iron  or  steel  ? — P.  B. 


Answer  1:  There  is  no  definite  rule 
in  regard  to  the  use  of  the  delta  and  star 
windings.  In  general,  however,  when 
low  voltage  and  large  current  are  desired, 
the  delta  connection  is  used,  and  vice 
versa.  One  advantage  of  the  delta  con- 
nection is  that  one  leg  of  the  transformer 
may  be  burned  out,  and  it  will  still  con- 
tinue to  carry  57  per  cent  of  its  load. 
The  star  connection,  on  the  other  hand, 
gives  a  possibility  of  two  voltages,  which 
can  be  obtained  by  running  a  line  to  the 
neutral  point.  Choice,  however,  depends 
in  every  case  upon  local  conditions. 

Answer  2:  A  direct-current  motor  will 
run  on  an  alternating-current  circuit  be- 
cause the  direction  of  current  changes  in 
both  the  field  and  armature  simultane- 
ously :  hence  the  relative  direction  of 
armature  and  field  current  is  always  the 
same,  and,  this  being  the  case,  the  motor 
will  run  as  upon  a  direct-current  circuit. 
All  parts  in  which  magnetic  flux  is 
changing  should,  however,  be  laminated, 
in  order  to  prevent  eddy  currents. 

Answer  3:  An  alternating  current  will 
produce  magnetism  in  an  electro-magnet, 
although  the  magnetism  will  be  alternat- 
ing in  its  nature.  The  iron  losses  would 
naturally  be  greater  with  the  alternating 
current. 

Answer  4:  From  the  standpoint  of  the 
instantaneous  conditions,  there  is  a  pos- 
itive and  negative  to  wires  carrying  al- 
ternating currents  ;  but,  from  the  nature 
of  the  current,  the  wire  which  is  positive 
at  one  instant  becomes  negative  at  the 
next,  and  vice  versa. 

Answer  5:  Magnetism  will  not  ma- 
terially injure  the  quality  of  iron  or  steel, 
nor  will  it  appreciably  change  their  orig- 
inal physical  properties. 


Lamps  on  Motor  Circuit 

Question:  I  have  a  y2 -horse- power  motor, 
which,  when  running  at  any  speed,  will  cause 
all  the  incandescent  lights  on  the  line  to  burn 
dim.  The  field  is  wound  with  two  pounds  of 
No.  20  magnet  wire,  and  the  armature  with 
about  V2  or  J4  pound  of  No.  28  wire.  The 
motor  is  drum-wound  and  connected  in  series 
on  220-volt  direct-current  circuit.  At  full 
speed,  it  runs  3,000  revolutions  per  minute. 
What  causes  the  lamps  to  grow  dim  when  the 
motor  is  running? — H.  P. 


CONSUL 

An  i  If,  as 

mnected  in  series  \\  ith  th< 
tinl)  not  surprising  that  th< 
burn  dim,  as  the  counter-E.  M.  F.  of  the 
motor  probabh    approaches  ver)    n< 
the  E.   M.   I  .  of  th<    circuit,    cutting 
down  thereby.     It  seems  hardly  j >« >^>il >K-. 
however,  that  you  can  mean  tin-,  and  we 
that  the  motor  is  connected  in 
parallel  across  the  circuit.     In  this  i 
the  reason  why  the  lights  grow  dim  when 
the  motor  is  running  is  b<  cause  the  motor 
take-  excessive  current  for  the  line.    In 
other  words,  the  c<  mdu  m  the  lint- 

air  too  small,  so  that,  when  the  motor  i- 
running,   it   takes    sufficient    current    to 

iccessive  drop  in  the  line,  not  ' 
ing    sufficient    voltage    to    operate    the 
lamp.-. 


• 


Telephone   Ringer 

i!   /.      I  lain  the  action 

pn-  i  the  ringer  in  a  telephoi 

Question  -1:     How  is  the  current  kept    fi 
ng  through  the  generator  when  the  other 
part}  i-  ringing? — /.  A'. 

Answer  i:     The  bell  used  in 
phone  is  what  is  known  as  a  "polarized" 
bell,  because  the  armature    is  n    a 

permanent  polarity  by  mean-  of  a  per- 
manent magnet.  The  accompanying 
ure  shows  a  diagram  of  this  bell.  .1.1' 
are  two  coils  mounted  upon  a  soft  iron 
base/};  Eis  a  permanent  magnet  mounted 
on  the  same  bas<  .  and  extends  along  one 
si<Ic  of  the  o <  • :  1  s  t"  the  top  of  the  mechan- 
ism, where  the  end  i-  bent  over  the  ar- 
mature /'.  The  armature  i-  pivoted  at 
the  point  /•.  and  the  two  ends  art-  din 
over  the  ends  of  th<  5  of  th< 

The  clapper-rod  G  extends  from  the 
ter  of  the  armature,  and  ends  in  a  ball. 
As  the  armature  swine-  back  and  forth 
on  it<  pivot,  the  ball  vil  i 
the  bells  placed  on  each  side  of  it. 

The  permanent  magnet  magnetizes  the 
ends  S  S'  i  if  the  i    i    >  to  th<   - 
itv.  while  the  ends  of  the  armatur 


The    ; 

The  result  is  that  S,  l> 

from  that  • 
| 

armature,   and    tl 
armature   i-   thus   thrown 
\\  hen  tin 
ture  is  thrown  b; 
\!n  mating     current     ' 

»f     thi 
changed,  then 
il  • 

.  / 
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Banking  By  Mail 


Banking  Facilities  Now  Extended  to  Every  Community  Reached 

by  the  Postal  Service 


By  ALFRED  SIDNhY  JOHNSON.  Ph.  D. 

Managing  Editor,  The  Technical  World 


TO  the  majority  of  mankind,  sadly 
enough,  money  is  "the  substance 
of  things  hoped  for,  the  evidence 
of  things  not  seen."  One  who 
has  a  well-filled  wallet  may  say  he 
"thanks  his  stars,"  but  he  congratulates 
himself.  The  moment  a  man  has  so 
much  as  a  dollar  laid  by  and 'earning  in- 
terest, that  moment  he  mounts  to  "the 
seats  of  the  mighty"  and  becomes  a  capi- 
talist— not  necessarily  of  the  "bloomin', 
blarsted,  bloated"  variety — but  neverthe- 
less a  capitalist  bond  tide,  with  the  con- 
sciousness of  dawning  strength  and  the 
incipient  feeling  of  security  and  healthy 
independence  that  place  the  future  within 
his  assured  grasp.  That  moment,  his  ship 
puts  her  helm  hard  down  for  the  home 
tack,  and  the  band-wagon  draws  up  at 
his  door. 

Success  in  life  is  a  delicate  and  difficult 
thing  to  define.  To  many — rightly  or 
wrongly — it  is  synonymous  with  the  ac- 
cumulation of  wealth,  the  standard  of 
achievement  and  the  end  of  all  ambition 
worthy  of  human  endeavor.  But  what- 
ever may  be  our  delineation  of  this  sub- 
tle and  somewhat  fickle  goddess,  the  pos- 
session of  a  substantial  bank  account  is, 
for  most  persons — for  all,  in  fact,  who 
are  not  degenerates — a  most  laudable  ob- 
ject of  ambition.  It  has  a  psychological 
value  all  apart  from  its  conventional, 
commercial  value.  It  is  veritably  the  key 
to  power — not  alone  through  what  it 
buys,  but  through  what  it  docs — unlock- 
ing those  secret  sources  of  strength  that 
transform  the  delinquent  into  the  alert, 
the  vacillating  into  the  confident,  kind- 
ling the  embers  of  hope,  and  giving  the 
race  to  the  slow,  the  battle  to  the  weak. 

Thus  we  may  have  some  idea  of  the 
beneficent  service  now  rendered  by  cer- 
tain banking  houses — notably  in  Pitts- 
burg,   Pa.,    and    Cleveland,    O. — which 
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have  worked  out  a  system  that  enables 
anyone  to  do  his  or  her  banking  by  mail. 
Under  this  system,  any  person,  no  matter 
where  located,  may  open  a  bank  account, 
even  though  he  or  she  has  only  one  dol- 
lar available  as  a  starter — and  many  a 
"fat"  deposit  to-day  has  had  an  original 
nucleus  no  larger  than  that.  And  he  may 
open  not  only  a  savings  account,  but  a 
checking  account,  too,  if  desired — a  priv- 
ilege not  ordinarily  granted  by  banks 
without  charging  a  monthly  fee  when 
deposits  fall  below  their  originally  re- 
quired minimum. 

The  machinery  of  this  system  is  vast 
and  far-reaching,  but  so  simple  that  a 
child  can  work  it.  It  includes  the  great  net- 
work of  railway  and  steamship  lines  that 
ramify  to  every  nook  and  cranny  of  the 
civilized  world  ;  and  in  it  are  enlisted  as 
Chief  Messengers  the  vast  and  perfectly 
organized  army  of  the  Postal  Service.  A 
simple  written  request  will  bring  a  de- 
posit blank,  with  instructions.  The  re- 
turn of  this  blank,  together  with  one's 
first  deposit  by  postoffice  or  express 
money  order,  New  York  draft,  check 
drawn  on  local  bank,  or  by  registered 
mail  or  express,  will  bring  a  pass-book 
showing  amount  deposited.  In  this  book 
— which  will  be  "written  up"  at  intervals 
as  requested — record  can  be  kept  of  all 
subsequent  deposits  and  withdrawals, 
these  being  conducted  also  through  the 
mails. 

This  application  of  the  mail  idea  to  the 
banking  business  is  but  additional  evi- 
dence of  the  increasing  extent  to  which 
the  commercial  and  industrial  activities 
of  the  age  are  becoming  interlaced.  It 
is  the  natural  outgrowth  of  the  mail- 
order habit,  which  in  recent  years  has 
developed  business  of  enormous  propor- 
tions, stimulated  by  all  those  facilities  of 
transportation    and    communication — the 


' 


railroad,  telegraph,  1 1        .'.Inch  eliminate 
both  space  and  time.      I  o-day  the 
urban  <>r  rural  dweller  is  independent  of 
local  markets  for  the  comforts  or  n< 

of  ln«-\  being  in  ready  touch  with 
sources  of  supply  at  all  the  great  trading 
centers.  A  mail  order  does  his  busim  ss, 
if  need  be. 

Ami  in  the  same  way,  the  facilities  "t' 
the  banking  world  are  novi  brought  to 
his  very  door.  Instead  of  hoarding 
money  in  a  stocking,  '>r  hiding  it  under 
a  mattress,  or  in  a  hole  under  the  corner 
of  the  well-box  or  chicken-house,  until  it 
reaelus  a  considerable  sum  < >r  is  burned 
or  Stolen,  he  ran  mail  it  to  his  hank  at 
such  times  and  in  such  amounts  as  are 
convenient.  By  so  doing,  he  puts  it  in- 
stantly at  work  for  hint,  ami  thus  takes 
what  is  avowedly  one  of  the  most  effect- 
ive steps  toward  the  rapid  accumulation 

of  wealth — the  enlistment  of  other  threes 
toward  one's  own  ends.  Moreover,  un- 
der this  system,  he  can.  it'  In-  so  desire, 
keep  his  financial  resources  a  perpetual 
secret    from    that    prying    curiosit)    and 

sip   which  would    he    conspicuou 
more  generally  absent  from  small  o>m- 
muniti 

The  savings  of  a  people  are  a  pretty 
good  criterion  of  their  prosperity  and 
thrift.  In  this  respect  the  United  Si 
leads  every  other  nation.  Here,  one  in 
every  ten  i'i  the  entire  population  ha 
savings  account,  averaging  in  amount 
$419,  which  is  much  higher  than  the 

»e  found  in  any  other  country.     Can- 
ada stands  second,  with  $2?  very 
depositor;  while  Hungary  makes  a  i 
thinl.  with  $251.     Tin-  t^tal  amount 
deposit   in    saving   hanks   in   the    United 
States,  exceeds  $3,066,0  1  '.<>no.  or  an  av- 

E*e  of  nearly  $4<>.<x>    for   every  man. 
woman,  and  child.     Year  by  year  an  in- 
creasing proportion  of  this  vast  savii 
1  ank  business  is  being  transacted  through 
the  mails,  ami  millions  rire  already  "•: 
p   -it  in  institutions  which  the  de- 
have  1  ie\er  visited  or  even  seen. 

What    this    enormous    sum    means. 
faithful  industry  and  heroic  self-dei 
one  can  but  dimly  appreciate.     <    iuI  ' 
but  tell  the  tale,  what  a  tangled 
pathos   and    romance     would     be 
w<  iven  around  the  pittances  that  in  many 
cases  go  to  make  up  the  might] 
gate — the  earnings  of  sweat,  the  outpour- 


ins' 

in 

firstl 

• 
A   : 
letter     • 

drawal  of  th< 

had  been  tak< 

care.     A  w<  ■■  kit  g 

opened  an  ace  iunt  fi  r  ! 

saying   "She'll  be  man 

and   ought   to   ha> 

life  on."     Another  v. 

deposited   five  dollai 

structii  'lis  not  to  let  her  "<  .Id  man"  ki 

ah' ait  it.  as  "he'd  be  aft< 

cent  of  it  for  drink."     A 

on   opening   an    account, 

have  a  g( "  id  hank  here.  bu( 

the   township   knows   how   much 

1 '  idy  else   has  on   d  think 

they  know-  how  much   [*v<    |  t  I'll 

f( "  il  tin  m." 

Ami  so  the  record  rui 
humor  and   throbbing  patl 
of  the   living,   pulsating 

It  is  in  such 
up   that   the   red    mi 
nation   lies.      It    was   tl 
French  peasant! 

off   with    unpai 
M  imp 
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■  r  quid 
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JEFFREY  LOCOMOTIVES 

HAUL     THE     WORLD'S     COAL 


JEFFREY    5    Ton    Single    End    Control 

ELECTRIC   LOCOMOTIVE 


Catalogues  free  on  Mining,  Elevating,  Conveying. 
Coal     Crushing,     Screening,     Washing,      Drilling. 


THE    JEFFREY     MFG.     COMPANY 


COLUMBUS,     OHIO,     U.  S.  A. 


New  York. 
Chicago. 


Pittsburgh, 

Denver. 


Knoxville. 
Charleston.  W.  Va. 


LUNKENHEIMER 

REGRINDING 
»  VALVES 


Superiority  universally 
acknowledged. 

A  little  labor  and  no  cost 
will  repair  them  when 
worn. 

LUNKENHEIMER 
COMPANY 


Largest   Manufacturers  of   Engineering  Specialties  in 
the  World. 

General  Offices  and  Works:  CINCINNATI,  OHIO,  U.S.A. 

"Branches: 
NEW  YORK:  26  Cortlandt  St.       LONDON:  S.  E.  35  Great  Dover  St. 


We  manufacture  a  complete  line  of  brass  and  iron  globe  and 
gate  valves,  lubricators,  generator  and  relief  valves, 
injectors,  whistles,  blow-off  valves,  etc.  2  T.  W. 


BANKING  BY  MAIL— "Continued) 

The  depositors  in  the  institutions 
which  do  banking  by  mail,  come  from 
every  walk  in  life  and  almost  every  coun- 
try in  the  world.  Cowboys  and  ranch- 
men from  the  West,  army  and  naval  offi- 
cers and  men  in  the  scattered  outposts  of 
our  island  possessions,  mill  operatives 
from  Xew  England,  lumbermen  from  the 
north  woods,  wage-earners  of  all  classes, 
fanners  and  business  men — all  alike  are 
prompted  by  the  desire  to  place  a  portion 
of  their  income  or  surplus  funds  where  it 
will  earn  something  against  a  time  of 
need.  Four  per  cent  interest,  com- 
pounded half-yearly,  is  the  rate  paid  by 
these  Eastern  institutions.  The  average 
rate  paid  on  savings  deposits  in  other 
parts  of  the  country,  is  3  to  3J/2  per  cent. 
The  higher  rate  paid  in  Pittsburg,  Cleve- 
land, and  one  or  two  other  Eastern  cities, 
is  possible  only  because  these  places  are 
the  centers  of  great  manufacturing  dis- 
tricts, where  money  is  turned  over  rap- 
idly and  on  a  largre  scale,  and  where  there 
are  unusual  opportunities  of  safe  and 
profitable  investment.  Funds  can  here 
be  kept  actively  employed  at  good  rates ; 
and  a  guarantee  of  4  per  cent  on  deposits 
is  not  only  well  within  the  margin  of 
safety,  but  leaves  ample  earnings  to  pay 
dividends  and  add  to  surplus. 

Banking  by  mail  had  its  origin  several 
years  ago  in  the  industrial  and  commer- 
cial development  of  Pittsburg.  It  fills 
practically  the  same  mission  as  the  great 
Postal  Savings  Bank  of  England  and 
the  National  Savings  Bank  of  France, 
yet  it  is  unhampered  by  government  con- 
trol, being  conducted  by  the  large  indi- 
vidual banks  along  lines  which  have 
proved  most  successful. 

The  system  was  introduced  primarily 
because  it  was  felt  that  there  was  a  posi- 
tive need  for  a  large  central  bank  in 
which  the  people  could  place  implicit 
confidence  as  well  as  their  savings.  There 
was  also  a  desire  on  the  bank's  part  to 
overcome  dependence  upon  local  condi- 
tions by  attracting  deposits  from  all  parts 
of  the  world,  thus  not  only  enlarging  its 
field  of  usefulness,  but  entrenching  itself 
more  strongly  against  possible  reverses. 
It  is  a  fitting  complement  to  the  Corre- 
spondence School  which  brings  the  Uni- 
versity or  Technical  Institution  home  to 
the  student. 
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Duplex 


Threading  and  Cutting  Off 
Machine 

designed  to  thread  and  cut  off  merchant 
pipe  from  2Vs"  to  8"  inclusive.  Nine  sets 
of  dies  included.  Equipped  with  special 
flantfe  tfrippers  for  making  up  flanges 
and  flanged  fittings.  Automatic  oil 
pump  makes  it  independent  of  others 
in  operation.  Die  head  has  Peerless 
adjusting  mechanism — exceedingly  simple 
and  absolutely  accurate. 

Write   for  information  about 
"the  machine  that  lasts" 

Bignall  a  Keeler  Mfg.  Co. 

Builders  of  Improved  Pipe  Cutting  and  Threading  Machinery 
Edwardsville,  111.,  U.  S.  A. 


8*0 

100 

H.P. 


ENGINES 


Economical  Power 


In  sending  out  their  last  specifica- 
tions for  gasoline  engines  for  West 
Point,  the  U.  S.  War  Department  re- 
quired them    "to  be  OLDS   ENGINES  or 
equal."    They  excel  all  others,  or  the  U.S. 
Government  would  not  demand  them. 
They  are  the  horizontal  type,  2  to   100 
H.  P.,    and   are   so  simply   and   perfectly 
made  that  it  requires  no  experience  to  run 
them,  and 

Repairs  Practically  Cost  Nothing 

Send  for  a  catalogue  of  our  Wizard  Engine,  2  to  8 
H.  P.,  (spark  ignition  system, thesame  as  in  the 
famous  Oldsmobile),  the  most  economical  small 
power  engine  made;  fitted  with  either  jack- 
pump  or  direct-connected  pump.     Or,  our^ 
,  general  catalogue,  showing  all   sizes^ 

OLDS  GASOLINE  ENGINE  WORKS., 
Lansing.  Mich. 


BANKING  BY  MAIL- 1 Concluded; 

Money  is  in  many  respects  the  queerest 
thing  in  the  world.  Though  the  creature 
of  human  convention,  it  is — in  volume, 
in  value,  and  even  in  distribution — en- 
tirely beyond  human  mastery,  being  gov- 
erned by  forces  that  are  as  elusive  of 
human  control  as  are  the  meteors  that' 
My  between  the  stars.  "Riches  have 
wings"  is  an  old  saying ;  and  under  the 
banking-by-mail  system,  they  certainly 
have :  but  in  this  case  the  wings  are  of 
the  clipped  and  beneficent  kind  that  in- 
sure a  return  of  investment  with  honestly 
accumulated  earnings. 


Correspondence  Education 

XT  EVER  was  the  value  of  technical  edu- 
*•  cation,  and  of  correspondence  in- 
struction as  an  effcient  adjunct  thereto, 
more  strongly  impressed  upon  an  audi- 
ence than  it  was  upon  the  great  gather- 
ing in  Armour  Chapel,  Chicago,  on  the 
evening  of  June  19.  The  occasion  was 
the  annual  reception  tendered  by  the 
President  and  Faculty  of  Armour  In- 
stitute of  Technology  to  the  students  and 
graduates  of  the  American  School  of 
Correspondence,  whose  work  is  con- 
ducted under  supervision  of  the  Institute. 

The  general  public  has  as  yet  but  a 
dim  appreciation  of  the  magnitude  and 
far-reaching  scope  of  the  work  now  done 
along  these  lines.  It  is  as  though,  from 
some  great  brain  ganglion,  there  radiated 
out  cables  of  nerves  across  the  plains, 
over  mountains,  and  under  seas,  to  the 
remotest  corners  of  the  earth,  and  back 
and  forth  were  borne  conscious  messages 
of  aspiration  and  hope  and  faithful  and 
uplifting  effort. 

Space  forbids  anything  like  a  full  ac- 
count of  what  passed  on  the  occasion  re- 
ferred to.  The  speaker  of  the  evening, 
briefly  introduced  by  Doctor  GunsauliLS, 
was  Mr.  William  J.  Chalmers,  President 
of  the  Allis-Chalmers  Company,  whose 
address  is  reproduced  elsewhere  (p.  795) 
and  whose  portrait  forms  the  frontispiece 
in  this  number.  Without  early  advan- 
tages greater  than  those  of  a  High 
School,  this  young  man — still  in  the 
prime  of  life — who  has  risen  to  be  the 
head  of  one  of  the  largest  manufactur- 
ing concerns  in  the  world,  delivered  an 
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NOW    OFFERED   TO   THE    GENERAL    PUBLIC 
FOR   THE   FIRST   TIME 

Prof.   Edwin  J.    Houston's 


a 


Electricity   in   Every- Day    Life' 


Vol.  i.  The  Generation  of  Electricity  and  Ma 
of  which  iq  are  full  paj  in  full  color). 

Vol.  II.  Tiik  Electric  Arts  and  S 

are  full  pages  (3  in  lull  col< 

Vol.  III.  The   Electric  Arts  and  Sci< 

which  [8  arc  full  ■  2  in  full 

This   is  undoubtedly  the   m< 
treatise  en  electrical  subjects.     It  is  written  by  the  I 
of  the  United    States.      Prof.    Edwin   J.  I! 
Thomson-Houston   Electric    Company,  now    known 
Company,  wl  nd  incandescent  ligl 

used  practically  all  over  the  world. 

It  is  no  longer  a  matter  of  1  h< 
quainted  with   the  general    fa<  ts  and 
mately  does  electricity  enter  into 
its  peculiar  properties  1 
capped  in  the  struggle  for 


The  three  volumes  will 

stamps,  draft,  moi 

offer  will   be  submitted  uj 

request.     Address 


F.  COLLIER   &   SON,  416  West  Thirteenth 
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HAVE   YOU   WORN   THEM? 

Not  "celluloid"  —  not"  "paper  collars,"  but  made  of 
fine  cloth,  exactly  resemble  fashionable  linen  goods, 
and  cost  of  dealers,  for  box  of  ten,  25c.  (2}£  cts.  each). 

NO    WASHING    OR     IRONING 

When  soiled,  discard.  By  mail,  IO  collars  or  5 
pairs  Of  cuffs,  for  30c.  Sample  collar  or  pair  of 
cuffs  for  6c.  in  U.  S.  stamps.   Give  size  and  style. 

REVERSIBLE  COLLAR  CO.,  Dept.  W.,  BOSTON,  MASS. 


Hotel  Belleclaire 

Broadway  and  77th  Street, 

New  York. 

Seventh  Avenue, 
Amsterdam  Ave. 
and  West  130th  St. 
Cars  pass  the 
door. 

Luxurious  rpoms 
for  permanent 
and  transient 
guests. 

Restaurant 

a  Feature. 
Exquisite 

Palm  Room. 
Art  Nouveau 

Cafe. 
Royal 
Hungarian 
Orchestra. 

•'Most  Artistically  Beautiful  Hotel  in  the 
World."  Cnn  oner  frw  single  rooms,  with 
bath,  beautifully  furnished,  suitable  for  two 
people,  $60  per  month. 

TRANSIENT  RATES: 

One  Room,  with  bath ?2.soperday 

Parlor,  Bedroom,  with  bath,  $3  and  $5  per  day 
Parlor,  2  Bedrooms,  with  bath,  $5  and  *f7  per  day 

Every  improvement  known  to  modern  in- 
genuity. 

Write  for  our  magazine,  "The  Hotel  Belle- 
claire World." 

MILTON  ROBLEE,  Proprietor. 
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address  which,  in  clearness  of  compre- 
hension of  its  subject,  and  in  pointedness 
of  remark,  has  rarely  if  ever  been  sur- 
passed.   Read  it. 

A  similar  object-lesson  on  the  value  of 
technical  education  and  the  possibilities 
of  securing  such  training  that  have  been 
brought  in  recent  years  within  the  reach 
of  all.  was  presented  in  the  annual  re- 
port submitted  by  Mr.  R.  T.  Miller,  Jr., 
President  of  the  American  School  of 
Correspondence.  Space  allows  us  to  give 
here  only  the  substance  of  some  of  the 
most  important  parts  of  the  report,  with 
brief  extracts : 

"The  past  year  has  been  one  of  growth  and 
expansion  in  many  directions Per- 
haps the  most  important  addition  to  our  work  is 
that  of  the  College  Preparatory  Course,  which 
is  designed  to  give  young  men  unable  to  attend 
a  resident  preparatory  school  a  complete 
preparation  for  Armour  Institute  of  Tech- 
nology and  similar  technical  schools." 

The  teaching  of  Chemistry  by  correspond- 
ence was  "somewhat  of  an  experiment ;"  but 
"the  results  have  surprised  even  the  most  san- 
guine. By  loaning  the  student  a  carefully  se- 
lected outfit  of  chemicals  and  apparatus,  he  has 
been  able  to  equip  a  very  satisfactory  working 
laboratory  in  his  own  home.  The  Instructors 
in  Chemistry  state  that  the  work  done  by  the 
correspondence  student  is  in  most  respects  as 
thorough  as  work  done  in  the  resident  labora- 
tories. 

"'Work  in  Physics,  similar  to  that  in  Chem- 
istry, is  now  under  preparation.     .     .     . 

"Among  the  other  courses  added,  should  be 
mentioned  the  Course  on  Alternating-Current 
Machinery,  prepared  by  Prof.  Esty  of  Lehigh 
University :  and  that  on  Gas  and  Oil  Engines, 
prepared  by  Prof.  Marks  of  Harvard  Univer- 
sity. The  course  in  Telephony,  by  Win.  C. 
Boyrer,  has  been  completed,  and  is  meeting 
with  general  commendation.  The  various 
courses  in  Civil  Engineering,  which  are  being 
prepared  under  the  direction  of  Prof.  Tur- 
neaure,  Dean  of  the  Department  of  Civil  En- 
gineering of  the  University  of  Wisconsin,  will 
be  completed  during  the  summer  or  early  fall. 
Prof.  Turneaure  is  being  assisted  by  Prof. 
Marston,  Dean  of  the  Department  of  Civil 
Engineering,  Iowa  State  College;  Prof.  Walter 
Loring  Webb,  formerly  of  the  University  of 
Pennsylvania :  and  others.  A  new  course  in 
Practical  Plumbing  and  .Steam  Fitting  has 
been  prepared  by  Peter  M.  Munn,  Editor  of 
the  Plumbers'  Trade  Journal.  This  course  will 
meet  the  needs  of  a  large  class  of  young  men 
for  whom  very  little  has  been  done  toward 
better  training.  In  the  Department  of  Archi- 
tecture, the  different  courses  are  nearing  com- 
pletion, and  are  in  the  hands  of  the  best  archi- 
tectural teachers.  Prof.  Gardner  of  the  Massa- 
chusetts Institute  of  Technology  has  prepared 
the  work  on  Shades  and  Shadows ;  Prof.  Law- 
rence,  also   of  the   Massachusetts    Institute   of 
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FIRM  AS  A  ROCK 

THE  UNIVERSAL  DRAWING  TABLE 

Easily  adjustable,  Perfectly  bal- 
anced and  ABSOLUTELY  RIGID. 

c  The  adjusting  mechanism  is  within 
reach  <>f  the  draughtsman,  en- 
abling lilm  to  ritlse  or  lower  the 
table  or  •tilt*'  the  board  without 
lea  <  Ing  his  sent — a  unique  and  con- 
venient feature.  Stand  is  of  Iron, 
the  channel  form  of  construction 
combining  greatest  strength  with 
least  weight.  cThe  hoard  Is  made 
of  No.  l  white  pine — perfectly  Hat 
and  true— and  Is  so  constructed  as  to 

eliminate  all  Internal  strains.    *  We  can  furnish  tool  box  with 

Swing  arm  attachment. 

■Write  to-night  for  the  8th  edition  of  our  Illustrated  catalogue, 
describing  our  many  special  sizes. 

L.  E.  HOYT,  COMPANY,  ::  Walton,  N.  Y. 


HAVE  YOU    SEEN 


Our  new  Bulletin  70  illustrat- 
ing our  interchangeable  parts 
for  making  A.  C.  or  D.  C.  Gen- 
erators, Motor-Dynamo,  Dyna- 
motor.  Alternating  Current 
Rectifier,  etc.?  If  not  we  will 
mail  it  on  application.  It  will 
interest  you  if  you  want  to  build 
vour  own  electric  machine. 


PARSELL     AND     WEED 


129-151  West  51st  St. 


NEW  YORK.  N.  Y. 


EYE    BENDERS 


We  make  hand  power  benders 
for  forming  eyes  from  stock 
lH  inch  thick  and  under. 
Any  size  eye  7  inches  outside 
diameter  and  under. 

WALLACE  SUPPLY  CO. 

903  Garden  City  Block,       Chicago,  III. 


New  Knowledge 

A  WEEKLY  MAGAZINE 

A  necessity  to  all  who  would  keep  step  with  the  world's  prog- 
ress. Supplementing  all  Cyclopedias;  81.00  a  year.  Sample 
free.    Mention  Technical  World. 

The  Ideal  Cyclopedia 

1905  EDITION  NOW  READY 

THE  DICTIONARY  CYCLOPEDIA;  a  Library  of  Universal 
Knowledge,  and  Unabridged  Dictionary  in  one  alphabetical 
order — the  ONLY  one  of  its  kind — the  only  handy-volume  Cyclo- 
pedia. One  of  the  largest  of  American  Cyclopedias  at  one-fourth 
the  cost  of  any  other  of  similar  magnitude  and  merit;  easiest 
terms  of  payment.  Sample  volumes,  cloth  or  half  morocco  (or 
both  i  postpaid.  50  cents  each,  and  money  refunded  if  returned. 
Revolving  Book  Case  or  Atlas  free  to  those  ordering  within  30 
days.  Any  book  supplied,  lowest  prices  known;  lists  free.  Men- 
tion Technical  World. 

ALDEN  BROTHERS,  Publishers  and  Booksellers, 

Bible  House,  9th  St.  and  4th  Ave.,      New  York  City 
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Technology,  has  prepared  the  work  on  Per- 
spective Drawing ;  Prof.  Gregg,  of  the  same 
institution,  the  work  on  Pen  and  Ink  Render- 
ing; and  Prof.  Everett  of  the  University  of 
Pennsylvania,  has  prepared  the  Free  Hand 
Drawing.  In  teaching  this  subject  the  School 
has  adopted  the  special  glass  slates  and  card- 
board models  used  by  Prof.  Denman  Ross  with 
such  great  success  in  his  classes  at  Harvard. 

"The  courses  for  which  there  is  now  most 
demand,  and  which  we  hope  to  inaugurate  dur- 
ing the  year,  are  courses  in  the  different 
branches  of  Mining  Engineering,  one  on  Fire 
Protection,  and  a  short  one  on  Automobile 
Construction  and  Operation." 

Referring  to  the  distribution  of  the  year's 
graduates,  the  report  showed  a  large  increase 
in  foreign  countries,  in  forty  of  which  it  is 
now  represented  by  graduates.  "It  can  well 
be  said  that  the  sun  never  sets  on  the  students 
of  our  School.  From  Cape  Horn  to  Alaska, 
from  the  most  remote  islands  of  the  Seas  to 
ice-bound  Siberia,  in  the  jungles  of  Africa  and 
India  and  in  the  wilds  of  South  America,  on 
the  open  prairie  and  even  in  the  prison  cell, 
can  be  found  men  of  all  ages,  from  17  to  77, 
inspired  by  the  desire  for  self-improvement  and 
advancement,  studying  under  the  guidance  of 
members  of  the  Faculty  of  Armour  Institute 
of  Technology.     .     .     . 

"The  majority  of  our  students  are,  of  course, 
drawn  from  the  wage-earning  classes,  and  most 
of  them  take  up  correspondence  study  for  the 
purpose  of  preparing  themselves  for  advance- 
ment in  some  given  line.  It  is  interesting  to 
note,  however,  that  during  the  past  year  the 
school  has  enrolled  a  large  number  of  college 
graduates,  lawyers,  physicians,  clergymen, 
teachers,  army  and  navy  officers,  business  men 
of  all  kinds,  as  well  as  several  convicts  in  the 
different  State  reformatories  and  peniten- 
tiaries. In  fact,  the  School  already  has  sev- 
eral graduates  who  pursued  their  course  while 
behind  the  bars,  and  who  have  since  taken  po- 
sitions of  usefulness  as  engineers,  electricians, 
etc.  The  enrollment  this  year  brings  out  more 
strongly  than  ever,  the  fact  that  correspondence 
work  appeals  to  and  has  something  for  men  in 
all  walks  of  life.     .     .     . 

"One  of  the  most  gratifying  developments 
during  the  past  year  is  the  growing  recog- 
nition of  the  standard  of  correspondence  work, 
as  shown  by  the  adoption  of  correspondence 
school  Instruction  Papers  as  regular  textbooks 
in  resident  schools.  Among  the  various  insti- 
tutions now  using  our  Instruction  Papers  may 
be  mentioned  Columbia  University,  the  Mas- 
sachusetts Institute  of  Technology,  Pratt  In- 
stitute, Syracuse  University,  the  Art  Institute 
of  Chicago,  the  Lowell  Textile  School,  the 
Westinghouse  Shop  Schools,  and  the  United 
States  Military  Schools. 

"In  many  ways  the  development  of  the  cor- 
respondence technical  school  is  analogous  to 
the  development  of  the  resident  technical 
school.  As  many  will  recall,  thirty  years  ago 
the  idea  of  teaching  a  boy  any  branch  of  en- 
gineering in  a  school,  was  looked  upon  as  im- 
practicable, if  not  absolutely  absurd.  Manu- 
facturers   laughed    at    the    idea    of    employing 


Mention  The  Technical  World. 


CLUBBING  OFF 


GOOD  ONLY  UNTIL  AUGUST  U,    1 


THE  TECHNICAL  WORLD 


( 


u  I  a 


u  b 


r  t  £  u  I  a  r     s  u  b  s  r  r  1  />  t  %  o  n     '. 


$1  50 


1 


and  any   one   of  the    following 

magazines    will    he   .sent   lor    one 
year   to   any   address  for  - 
The  Technical  World  and  American   1   lectrician  tor 

The  Engineer  for   - 
Machinery  tor         -     - 
Success  for     -     -     -     - 
1  '(.arsons  for        -     -     - 
McClures  for 
Ladies  Home  Journal  tor 
Cosmopolitan  tor     - 
(iood  Housekeeping  tor   ■ 


<< 


<( 


<< 


<( 


«« 


M 


t 


50 

5° 


5° 
5° 

5° 
50 


This  offer  applies  only  to   Domestic    Subscriptions.         Full  information    regarding 
additional  postage  to  Foreign  countries  will  be  sent  upon  request. 


-CUT    OUT    AND    MAIL    TO- 


THE    TECHNICAL   WORLD 

3321  Armour  Avenue.  Chicitfo,  111. 


T.  w 


Gentlemen: — Inclosed    please    find    $1  50   for    which   pl< 
and  magazine  indicated  below  for  one  year  according  to  the  foll< 


The  Technical  World  to  (Name) 


(St.  and  No  ) 


(City). 


am!. 


.to(Namc). 


Xtimt  0/  fuilication. 


(Date). 


(St.  an.! 
(City) 


Name. 


of  seniiir 

Xh:-  - 


Mention  Tfk 


824 


THE    TECHNICAL    WORLD 


row 


TO  LEARN   BOOK-K 
WHEN  I  WILL  MAKE  A. 

prst-Oass  Book  Keeper 


of 

YOU 

at 
WEEKS 


YOUR  OWN  HOME  in  SIX 

for  S3  or  REFUND  MONEY!     Fair 
enough?    Distance  and  experience  im- 
material.    I  find  POSITIONS,  too, 
EVERYWHERE,  FREE.  Have  placed 
T!I<  (USANDS.  Placed  pupil  Oct.io,at 
$75  weekly;  another,  Jan. i6,at$36 weekly; 
ither,  April  17,  at  $50  weekly;  another, 
May  23,  at  ?6o  weekly— and  several  since. 
Perhaps  1  can  place  YOU,  TOO ! 
8,014  TESTIMONIALS! 
SAVE  THIS  AND   WRITE       — ® 

J.  H.  GOODWIN.  Expert  Accountant 

Room  349,  1215  Broadway,  New  York 


SPECIAL  MANUFACTURING 


Dies  and  Stamping 

-TO   ORDER- 


SPECIAL  MACHINERY,  MODELS 
EXPERIMENTAL  WORK 

DROP  FORGING  DIES  AND  DROP  FORGINGS 

Hardware  Specialties,  etc..  Manuf'd  to 
Order.  Send  Samples  or  Drawings  for 
Estimates.       Write    for    Our     Booklet. 

THE  GLOBE  MACHINE  a  STAMPING  CO. 


983    Hamilton    St., 


BIG  SELLER 


Cleveland,  Ohio 


"Em 


ifliwS 


FBU& 


SAMPLE 


o 


12 


seyyrdi 


TOOLS 


$*n 


-T7HFT,HAtfME»Ere 

HAJt'1^,'       SENT  ON 
i£s.  RECEIPT  OF 


BOX   OSE 


wass 


flS,  MICH. 


RAWING 


Mechanical,  Architectural 

Perspeclive 

TAUCHT   BY   MAIL 

Courses  prepared  by  such  men  as  Profs.  Keni- 
son,  Gardner  and  Gregg  of  Massachusetts  Insti- 
tute of  Technology.  Full  information  and 
prospectus  free. 
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All  finished  like  new  and   fully  guaran- 
teed. Low  prices  and.  immediate  delivery. 

Guarantee  Electric  Co.,  Chicago 


CORRESPONDENCE  EDUCATION-^ Concluded) 

graduates  of  technical  schools;  in  fact,  the  de- 
gree of  B.  S.  was  the  poorest  recommendation 
that  a  young  man  could  offer.  To-day  the  tech- 
nical schools  have  difficulty  in  holding  their 
men  until  graduation,  so  great  is  the  demand 
for  technically  trained  men.  The  history  of 
correspondence  work  is  remarkably  similar — 
at  first  regarded  as  impracticable  and  beneath 
the  dignity  of  a  resident  school,  to-day  wel- 
comed everywhere  as  a  most  valuable  adjunct 
of  resident  teaching,  and  many  of  its  Instruc- 
tion Papers  used  as  regular  textbooks  by  the 
leading  universities  and  technical  schools.  To- 
day educators  and  manufacturers  alike  agree 
as  to  the  permanent  and  indispensable  function 
of  the  correspondence  school,  as  well  as  to  the 
fact  that  it  furnishes  to  a  degree  true  of  no 
other  institution,  the  educational  leaven  of  the 
whole  nation. 

"A  recent  utterance  of  the  venerable  Dr.  Ed- 
ward Everett  Hale,  now  Chaplain  of  the 
United  States  Senate,  is  significant.  Dr.  Hale 
says : 

'After  the  general  system  of  public  school  instruc- 
tion, the  correspondence  school  is  the  next  important 
organized  system  of  education  at  work  in  the  nation. 
I  see  no  reason  why  its  range  should  not  be  extended 
much  further.  Indeed,  I  look  to  it  for  the  accom- 
plishment of  John  Adams's  hope,  that  every  man  and 
every  woman  in  the  nation  might  receive  a  liberal 
preparation   for  the  business  of  life.' 

"Another  gratifying  development  of  the  past 
year,  is  the  hearty  co-operation  on  the  part  of 
manufacturers  and  heads  of  large  establish- 
ments throughout  the  country.  In  many  in- 
stances the  heads  or  superintendents  of  large 
plants  have  talked  personally  with  their  men 
on  the  advantages  of  better  technical  training 
and  the  opportunities  offered  for  such  by  corre- 
spondence. Frequently  the  firm  has  paid 
wholly  or  partially  the  expense  of  tuition,  and 
has  provided  and  equipped  suitable  rooms  for 
study. 

"Out  of  this  has  grown  a  very  important 
movement  in  connection  with  correspondence 
work — that  is,  the  organization  of  students  into 
clubs.  In  Chicago  there  are  several  such  clubs, 
the  most  important  of  which  are  the  Crane 
Club,  whose  members  are  employees  of  the 
Crane  Company,  and  the  McCormick  Club. 
whose  members  are  employees  of  the  McCor- 
mick Reaper  Company.  These  students  go  on 
certain  evenings  directly  from  their  work  to 
their  club-room,  where  they  spend  an  hour  or 
two  in  hard  study  before  going  to  their  home 
and  dinner.  In  this  way  they  get  the  inspira- 
tion of  working  together  under  the  best  condi- 
tion's, as  well  as  under  enthusiastic  leader- 
ship.    .     .     . 

"From  its  inception,  the  School  has  endeav- 
ored in  every  way  possible  to  reach  out  and 
interest  men  not  touched  by  any  of  the  regu- 
lar educational  agencies — wage-earners  on 
whom  families  are  dependent,  young  men  of 
ambition  but  lacking  the  necessary  funds,  men 
long  since  past  school  age,  as  well  as  men 
struggling  alone  for  an  education  in  the  far- 
away places  of  the  earth.  In  reaching  these 
classes,  the  School  has  been  successful  beyond 
all  expectation."     .     .     . 
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BOOKS  RECEIVED 

Practical  Perspective.  By  Frank  Richards,  Associate 
Editor  of  the  "American  Machinist,"  and  Fred  H. 
Colvin.  Flexible  Cloth.  Pages  60,  5  1-2  by  8  inches. 
Illustrated.  Published  by  the  Derry-Collard  Com- 
pany, New  York,  N.  Y.    Price,  50  cents. 

The  book  is  divided  into  two  sections,  in 
the  first  of  which  Mr.  Richards  explains 
the  principles  of  Isometric  Perspective; 
and  in  the  second  part,  Mr.  Colvin  shows 
the  application  of  specially  ruled  isomet- 
ric paper  to  the  production  of  this  class 
of  drawings.  The  illustrations,  which  are 
reproduced  on  isometric  paper,  show  ex- 
amples of  architectural  details,  lathe 
work,  pattern  work,  structural  steel 
work,  etc. 

The  object  of  the  book  is  to  show  the 
practical  value  of  Isometric  Perspective, 
and  to  remove  some  of  the  difficulties 
that  have  prevented  its  wider  use.  The 
illustrations  prove  that  this  specially 
ruled  paper  greatly  simplifies  the  produc- 
tion of  isometric  drawings. 


Finances  of  Gas  and  Electricity  Manufacturing 
Enterprises.  By  Wm.  D.  Marks,  Ph.  B.,  C  E., 
Philadelphia,  Pa.  Flexible  Cloth.  Pages  370,  5  by  7 
inches.   Illustrated.    Price $2.50. 

This  book  constitutes  a  collection  of 
papers  by  the  author  on  the  financial  as- 
pects of  various  electrical  enterprises.  It 
is  intended  for  those  desiring  to  know 
the  proper  prices  to  be  charged  for  elec- 
tric railway  fares,  gas,  and  electricity, 
and  a  practical  method  of  determining 
them,  wherever  such  works  may  be 
located. 

The  book  is  an  eminently  practical  one, 
as  all  the  figures  given  are  based  on 
actually  existing  operations,  and  the 
figures  cover  periods  of  a  year  or  more. 
The  reports  which  are  included  in  this 
book  are  based  on  three  factors  :  ( I )  the 
investment,  depreciation,  and  interest; 
(2)  the  fixed  charges,  regardless  of  the 
business  done,  such  as  taxes,  insurance, 
rent,  etc.:  (3)  the  operating  expense, 
which  varies  with  the  volume  of  business 
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Tufts  College 


DEPARTMENT    OF 

ENGINEERING 

Civil,  Mechanical,  Electrical 
and  Chemical  Engineering 

New  Laboratories  and  Excellent  Equipment.  Beautiful  site 
within  four  miles  of  Boston.  Preparatory  Department  for 
students  who  have  had  engineering  practice,  but  insufficient 
preparation  for  college  work. 

For  information  concerning  courses  and  positions  of  grad- 
uates, address 

H.   G.   CHASE,  Secretary, 

Tufts  College  P.  O.,  Mass. 


T5he  American  School  of  Household  Economics 

THIS  new  development  of  the  correspondence 
idea  came  into  being  from  the  request  of 
women  all  over  the  country  for  aid  in  their 
household  problems  and  for  guidance  in  the  study  of 
twentieth  century  housekeeping. 

We  all  realize  that  industrially  the  world  has 
made  tremendous  advances  during  the  last  ten  or 
twenty  years,  but  we  are  apt  to  over-look  the  fact 
that  knowledge  of  the  arts  and  sciences  relating  to 
the  home  has  kept  pace,  and  that  the  good  old  ways 
of  our  grandmothers  are  no  less  out  of  date  than  the 
stage  coach  and  spinning  wheel. 

The  thoughtful  housekeepers  who  have  felt  the 
effects  of  this  industrial  revolution  have  been  seeking 
in  vain  for  a  practical  hand-book  that  would  give 
the  desired  information  in  not  too  technical  nor 
abstruse  a  form. 

A  residence  course  of  study  is  out  of  the  question 
for  the  great  majority,  so  as  housekeepers  and 
mothers  are  unable  to  leave  their  duties  to  go  to 
school,  the  school  must  go  to  them. 

This  the  American  School  of  Household  Econ- 
omics does.  Its  lesson  books  have  been  prepared  by 
eminent  teachers  and  represent  the  long-sought-for 
hand-books— simple,  concise,  interesting,  and  auth- 
oritative.    The  instruction  is  given  by  the  authors. 

Some  of  the  subjects  covered  are  cookery,  dietet- 
ics, home  dressmaking,  house  planning  and  furnish- 
ing, home  nursing,  household  management  and 
accounts,  and  psychology  of  child  training. 

The  attractive  Announcement  of  the  School  gives  illus- 
trated synopses  of  the  twelve  subjects  offered  and  details  of 
Uie  methods  employed.  Everyone  interested  is  invited  to  send 
.or  a  copy.  Address  the  Director,  Miss  Helen  Louise  Johnson, 
5311  Armour  Avenue,  Chicago,  111. 

The  University  of  Rochester 

A  College  of  Liberal  Arts 

Scientific   Course  for  Technical 
Students 

Six  years  required  for  combined  College  and 
Engineering  degrees  in  co-operation  with  The 
Massachusetts  Institute  of  Technology  and 
Sibley  College  at  Cornell.  New  laboratories, 
thoroughly  modern  equipment.  Special  circu- 
lar and  catalogue  sent  on  application.    Address 
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LITERATURE-  ( Continued) 

done.  The  careful  consideration  of  these 
three  factors  in  advance  of  any  under- 
taking- would  prevent  many  failures,  and 
the  book  points  out  the  method  by  which 
investors  may  thoroughly  inquire  into  the 
merits  of  any  proposed  enterprise. 


CATALOGUES 

American  Radiator  Company,  Chicago,  111.  Cata- 
logue on  "The  Ideal  Fitter."  Pages  275,  4  by  6  1-2 
inches. 

This  catalogue,  which  is  profusely  illus- 
trated, is  devoted  to  the  products  of  the 
American  Radiator  Company;  and,  in 
addition  to  giving  descriptions  and  data 
on  these  various  products,  contains  a 
number  of  useful  tables  and  other  engi- 
neering information  which  will  make  it 
of  value  to  engineers  in  general.  It  pre- 
sents standard  sizes  of  boilers,  radiators, 
and  a  large  number  of  specialties  too 
numerous  to  mention  ;  and  contains,  be- 
sides, technical  information  which  should 
prove  of  value. 


Cleveland  Cap  Screw  Company,  Cleveland,  Ohio. 
Folder  on  Cap  Screws,    Paper,  3  1-2  by  6  inches. 

This  folder,  in  addition  to  giving  stand- 
ard sizes  of  ordinary  cap  screws  and 
heads,  gives  a  description  of  this  com- 
pany's method  of  making  finished  screws 
and  bolts  by  means  of  the  electric  weld- 
ing process.  The  heads  of  these  bolts  are 
made  of  special  die-drawn  stock,  and  the 
heads  and  stems  are  placed  in  the  electric 
welding  machine,  where  they  are  united. 
It  has  been  shown  by  tests  that  the  sur- 
face of  die-drawn  stock  is  stronger  than 
the  inner  portion  and  by  this  method  of 
manufacture  the  cutting  away  of  the  sur- 
face is  avoided. 


Wellman  -  Seaver  -  Morgan  Company,  Cleveland , 
Ohio.  Catalogue  on  Ore  and  Coal  Handling  Machin- 
ery.   Cardboard.    Pages  105.    9  by  12  inches. 

This  catalogue  is  a  very  handsome  typo- 
graphical production,  being  profusely  il- 
lustrated with  half-tone  plates  and 
printed  on  enamel  paper  in  bronze  ink. 
It  treats  of  the  modern  mechanical 
methods  of  unloading  and  handling  ore 
and  coal,  and  describes  the  numerous 
types  of  hoisting  and  conveying  machin- 
ery built  by  this  company,    which    are 
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CL  I  he  gates  arc  now  open  or  the  first  exposition 
of  the  resources  and  products  of  the  Great 
Northwest  at  Portland,  Oregon.  It  Is  confidently 
believed  that  this  will  he  one  of  the  greatest  of 
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Choice    of    routes    is    offered.      Via    I  he    Pioneer 

Limited,    through     St.     Paul    ami     Minneapoli 

via  The  Overland   Limited,  through  Omaha  ;> 

Ogden;    via   Omaha    and    Denver,    past    t 

wonderful  panorama  of  Rocky    M 

or  via  The  Southwest   Limited  and   K; 
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has  for  31  years  stood  for  the  highest  type 
of  Technical  Journalism  in  America  and  is 
the  only  Engineering  newspaper  for  whose 
back  volumes  there  is  an  active  market. 
$5.00  a  year  ::  10  weeks.  $1.00 
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•when     buying    Technical 

BOOKS 


Our    monthly    Engineering    Literature 
Supplement  is  invaluable  to  Book  Buyers. 

ENGINEERING     NEWS 


220  Broadway. 


NEW  YORK 


15 


CENTS 


Will  bring  you,  on  trial, 
thirteen  weeks,  the  Path- 
finder, the  old  reliable  national  news 
review.  This  paper  gives  you  every  week  all  the 
important  news  of  the  world,  stated  clearly  and 
without  bias.  It  is  the  only  news  review  that  is 
truly  comprehensive,  and  at  the  same  time  it  is  not 
padded  or  bulky.  It  gives  you  the  wheat  without 
the  chaff.  It  is  a  time-saver  for  all  busy  people.  ^  In 
purpose  it  is  high-toned,  healthy,  and  inspiring;  it  is 
a  protest  against  sensational  journalism.  It  takes 
the  place  of  periodicals  costing  $2.50  and  $3.00.  Try 
it  and  you  would  not  be  without  it  for  many  times 
its  cost — $1.00  per  year. 

Address:     PATHFINDER,  Washington,  D.C. 


What  Is  Dans'  Tip-Top 


TO  PROVE  -g£*g 

is  the  best  and  simplest  device 
for  making  100  copies  from  pen 
written  and  50  copies  from 
typewritten  original,  we  will 
ship  complete  duplicator,  cap 
size,  without  deposit  on  ten  ( 10)  days'  trial. 


Price  $7.50  less  trade  discount  of 
33  lA  per  cent  or 


$5.00  net 


The  Felix  G.  L.  Daus  Duplicator  Co. 
Daus  Building,  111  John  Street,  New  York  City 


SU'BSC'RI'BE      JV    O    W      TO 

The  Engineer 

The  Power  Plant  Paper 
for   The    Power    Plant   Man 

Issued    24   times  a  year   (semi-monthly) 
Subscription  price,      ::     ::       $1.00 

The  issues  of  one  year  contain  more  than  one  thousand 
pages  of  reading  matter  devoted  entirely  to  subjects  of 
greatest  interest  and  importance  to  Engineers.  H  If  you 
install,  operate  or  care  for  machinery,  you  should  read 
The  Engineer.  llSend  for  free  sample  copy. 

The    Engineer    Publishing    Company 

557*  Dearborn    Street,  CHICAGO 


LITERATURE—  ( Continued) 

operated  either  by  steam  or  electricity. 
The  company's  works  at  Akron  and 
( leveland  are  beautifully  illustrated  in  a 
number  of  full-page  half-tone  engrav- 
The  different  products  described 
too  numerous  to  mention  in  detail. 
The  catalogue  is  one  that  is  well  worthy 
of  place  in  the  working  equipment  of 
every  engineer. 


mgs. 
are 


Westinghouse  Companies,Pittsburg,  Pa.  Catalogue 
of  Electric  Railway  Material  and  Industrial  Appli- 
ances.   Paper,  7  1-2  by  9  3-4  inches.    Pages  70. 

"The  Westinghouse  Companies  in  the 
Railway  and  Industrial  Fields"  is  the  title 
of  a  handsome  catalogue  recently  issued. 
It  is  printed  on  enamel  paper,  and  beauti- 
fully illustrated  with  half-tone  engrav- 
ings. The  contents  embrace  the  railway 
and  other  electrical  and  mechanical  ap- 
paratus manufactured  by  the  eleven  cor- 
porations known  together  as  the  "West- 
inghouse Companies."  The  catalogue  is 
of  the  highly  artistic  style  characteristic 
of  all  the  publications  issued  by  this  con- 
cern. 

American  Lava  Company,  Chattanooga,  Tenn. 
Catalogue  on  Lava  for  Mechanical  and  Electrical  Pur- 
poses.    Pages  12.    Paper,  6  by  9  1-2  inches. 

This  catalogue,  which  is  illustrated  with 
half-tones  of  various  lava  products,  is  a 
copyrighted  book  explaining  the  numer- 
ous uses  of  lava  in  electrical  work.  A 
story  is  given  of  the  nature  of  the  ma- 
terial and  the  methods  of  its  manu- 
facture, which  will  be  found  of  interest 
to  the  general  reader  as  well  as  to  the 
electrician.  The  material  is  unique  in 
that  it  is  not  affected  by  heat,  or  attacked 
by  acids. 


American  Society  of  Refrigerating  Engineers. 
Year  Book  of  Membership  and  Constitution.  Paper, 
3  1-4  by  6  inches.    Pages  30. 

Tins  society  was  organized  December  5, 
1904,  in  New  York  City,  and  has  just 
issued  its  first  year  book.  The  officers  of 
the  association  are  John  A.  Starr,  Presi- 
dent;  H.  P.  Roelker,  and  P.  D.  C.  Ball, 
Vice-Presidents ;  Walter  C.  Reed,  Treas- 
urer ;  and  Wfn.  H.  Ross,  Secretary.  The 
object  of  the  society,  as  its  name  implies, 
is  to  promote  the  arts  and  sciences  con- 
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TME  BEAUTIFUL  WAY 

EVERY  MILE  A  PICTURE 

AND  NO  SMOKE:  TO  SPOIL  THE  VIEW 

f  THE  KOAl) 

ANTHRACITE 
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DtUWASE  WATte  CAP  PA . 

OH  LACAAWAMM  R.R. 


3    TRAINS  •gll 

THROUGH  DAILY 

OBSERVATION  CARS 
DINING  CARS 
NEW  PULLMANS 
MH  BACK  SEAT  COACHES 
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NEW  TICKET  OFFICE 

IOI  ADAMS  STREET  <«*™tTTCBlD6> 


GEO.A.CULLEH 

CAy/C-4CC>. 


•A    PLEASURE    TO    ANSWER  QUESTIONS^ 
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The 

Big  Four 

Route 

THE    NEW    WAY 

To 

Michigan  and  Canadian 
Points 

Via    Toledo    and    Detroit 

Through    Sleepers  between  Cincinnati, 
and    Toledo    and    Detroit,   and 

THE      ONLY      LINE 

running  Through  Sleepers  between  Cincinnati  and 
Mackinaw  via  Toledo  and  Detroit  during  the  season 

For  rates  and  folders  apply  to  local  agents  or 

WARREN  J.  LYNCH,        General  Passenger  Agent 
Cincinnati,  Ohio 


LITERATURE— i.  Concluded) 


NortKerrv  Pacific  to  the 

YELLOWSTONE    PARK 

NortKerrv  Pacific  to  the 

PORTLAND   EXPOSITION 

NortKerrv  Pacific  direct  to 

PUGET  SOUND   COUNTRY 

"The     Comfort     "Route" 
••  E-Oery    Mile    an    Education  " 

Very  Low  Rates  West 

Booklets— Four  cents  for  Lewis  and  Clark  Booklet ; 
six  cents  for  "  Wonderland,"  to  A.  M.  Cleland.  G.  P.  A., 
St  Paul.  Information— Address  C.  A.  Matthews, 
Gen'l  Agent  Pass.  Dept.,  208  So.  Clark  St.,  Chicago. 


nected  with  refrigerating  engineering. 
Copies  of  the  year  book  can  be  obtained 
by  addressing  the  secretary  of  the  so- 
ciety at  258  Broadway,  New  York,  N.  Y. 


A  Ballad  With  a  Moral 

A    YEAR  ago 

A  man  I  know- 
Was  poor  and  in  despondency. 

He'd  never  heard 

X'  ir  seen  a  word 
On  Schools  of  Correspondence.     He 

Worked  hard  each  day 

For  little  pay, 
Without  a  hope  of  betterment, 

Until  one  day 

He  saw  a  way 
That   led  to  his   encouragement. 

Now  this  same  man, 

By  this  new  plan, 
Xo  more  is  in  despondency; 

For  he  is  an 

American 
Student  by  correspondence.     See? 

If  you  are  bent 

On  betterment 
In    wages    and   environment 

Just  take  the'  plan 

American* 
And  be  just  like  the  other  man. 


Perverted  Proverb 

Oily  to  bed  and  oily  to  rise. 
Is  the  fate  of  a  man  when  an  auto  he  buys. 

— Harvard   Lampoon. 


A  Woman's  Secret 

Jack  :     I  could  never  learn  to  love  Matilda. 
Jim:     What's   the  matter  with   Matilda? 
"Her  past." 

"Xever    heard    anything    against    her    past. 
What's  wrong  with  it2 
•'Its  length."—  Widow. 

Personal— E.  H.  H.,  are  you  married  yet? 
If  not  you  should  be.  Xo  man  is  more  than 
half  a  man  unless  he  has  a  dear  little  wife. 
Consider  Solomon,  the  world's  wisest  man. 
He  had  a  thousand.  Don't  depend  on  the 
limited  home  supply  which  is  sure  to  be  picked 
over  and  often  shop-worn.  Send  direct  to 
headquarters.  Brigham's  &  Co.'s  high-grade 
mail-order  wives  are  guaranteed  first  quality. 
Full  pedigree  furnished  with  each  wife.  Illus- 
trated catalogue  sent  on  application.  Clubs 
taking  five  or  more  wives  at  one  time  supplied 
at  reduced  rates.  Brigham  &  Co.,  Matrimonial 
Dealers,  Salt  Lake. 
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Rugged  Wonders 
Observed  at  Ease 


,  :  ■  '  "•.■; 


£*    prises  . 

''"  The  first  mountain  p< 

but  such  ext  ranges,  1 

high,  are  what  amaze  and  inspire  I 

Artists    may    paint    tl 
cannot    paint    that    AIR.     how    it    ini 
how  brilliant  the  sky  and 
how  near  the  distant  mountain 
the  eye  that  limpid  radiai 

Colorado 

where  so  many  rugged  v. 

be  seen  at  c  the  train. 

Let  us  help  you  p] 
will  i- 

The  Wabash  will  start  you  right. 
New  York.  Boston,  Pittsburg  and  a  hui 
I.    lis,  K     sas   City   and   Omaha. 
attractive  Colo]  ado  lini 

A  line  to  any  of  the  undei 

information  to  your  door. 

H    B    McClkm.in.  Gen 
J.  D.  McBkath, 

R.  F.  Kkm.ky.  G 
F    H.  Tristram. 

C.  S.  CRANE,  Gen.  Pass,  and 


. 


834 


THE    TECHNICAL    WORLD 


INDUSTRIES 

ARE 

OFFERED 
LOCATIONS 


With  satisfactory  inducements, 
favorable  freight  rates,  good  labor 
conditions,  healthful  communities, 
on  the  lines  of 


THE  ILLINOIS  CENTRAL  RAILROAD 

AND    THE 

YAZOO  &  MISSISSIPPI  VALLEY  R.  R. 


For    full    information    and    descriptive 
pamphlet,  address 

J.  C.  CLAIR., 

Industrial  Commissioner, 

1  Park  Row,  Chicago,  111. 


Chas.  S.  Chase,  Agent, 

722  Chemical  Building, 

M.  A.  Hays,  Agent. 

225  Dearborn  Street, 


St.  Louis.  Mo. 
Chicago,  III. 


THE  GROWING  SOUTH 


NO  OTHER  section  is  forging  ahead  so  fast  as  the 
Southeastern  States,  in  agriculture,  horticulture, 
factory    building    and    general  progress.      The 
last  year's  record  along  the 

SOUTHERN    RAILWAY 
MOBILE  &  OHIO  RAILROAD 

of  investments  in  factories  and  improvements  was 
over  Si  00,000,000;  for  three  years,  $J50,000,000. 
Splendid  Opportunities  exist  in  Alabama,  Georgia, 
Kentucky,  Mississippi,  North  Carolina,  South  Carolina, 
Tennessee  and  Virginia;  and  in  Southern  Illinois  and 
Southern  Indiana,  for  investments  of  all  kinds  ;_in  tim- 
ber, mineral  and  other  lands.  Factory  Locations. — 
Where  all  conditions  are  favorable  for  making  and 
marketing  iron  and  steel  and  their  products,  all  kinds 
of  wood  using  articles  and  nearly  every  other  line 
of  industry,  fl  Publications  and  special  information 
furnished.  Our  department  is  a  Bureau  of  Free 
Information  for  all  seeking  locations  or  investments. 


M.  V.  RICHARDS,     : :    Land  and  Industrial  Agent 

Southern  Railway  and  Mobile  &  Ohio  Railroad 

Washington,  D.  C. 


fn< 
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EMPLOYMENT 
DEPARTMENT 


?*&' 


^"TO  EMPLOYERS— The  Technical  World  offers  its 
services  in  bringing  employers  of  skilled  labor  into  com- 
munication with  trained  and  efficient  men.  Write  the 
Employment  Department  full  particulars  as  to  the  quali- 
fications necessary. 


SITUATIONS  VACANT 

Send  10  cents  for  the  August  issue  of  the  Engi- 
neering World,  containing  list  of  150  vacancies 
for  technical  men,  now  open  with  the  Engineer- 
ing Agency,  Chicago.  Engineering  World, 
Monadnock  Block,  Chicago,  111. 


SITUATIONS  WANTED 

Wanted — Position  as  Assistant  in  Chemical 
Laboratory.  Experienced  in  manufacturing 
pharmacy  work.  Locality  desired,  Chicago. 
References.  Address  The  Technical  World 
Magazine,  No.  370. 


Wanted — Position  in  Bridge  Work  or  Draft- 
ing. Experienced  in  steam  engineering,  bridge 
erecting,  electrical  wiring,  drafting,  and  sur- 
veying. References.  Address  The  Technical 
World  Magazine,  No.  371. 


Wanted — Position  as  Assistant  Engineer  in 
power  house  or  electric  light  plant.  Five 
years'  experience  in  running  a  traction  engine. 
Address  The  Technical  World  Magazine, 
No.  372. 


Wanted — Position  as  Draftsman  or  Tracer 
on  marine  engine  work.  Experienced  in  elec- 
trical machinery  tracing,  also  office  work. 
Locality  desired,  Atlantic  seacoast.  Address 
The  Technical  World  Magazine,  No.  373. 


Wanted — Position  as  Stationary  Engineer. 
Six  years'  experience  in  firing  and  tending 
engines.  Desired  locality,  Montana.  Refer- 
ences. Address  The  Technical  World  Maga- 
zine, No.  365. 

Wanted — Position  as  Designing  Draftsman. 
Experienced  in  designing  air-compressors  and 
gas  engines.  References.  Address  The  Tech- 
nical World  Magazine,  No.  366. 


Wanted — Position  as  Electrician  and  Engi- 
neer in  manufacturing  or  electric  light  and 
power  plant  of  medium  size,  or  as  Assistant  in 
a  large  equipment.  Practical  experience  in 
operating  central  stations,  and  in  construction 
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FRISCO 

SYSTEM 


Chicago  &  Eastern  Illinois  Railroad 

THE      NEW      LINE      TO      ST.      LOUIS 

md   1  arlor  <  (b 
and  Club-Room  <ir.  with  i 
and  it  cos(  than  in 

ment   of    both    trains    is    brand    I 
for  comfort  and  luxury.      Ti 

LA    SALLE    ST.    STATION,    ON    THE    ELEVATED    LOOP 

Just    a    few    minutes'    walk    from    all    the    1 


A.    B.    SC  H  MIDT, 
Telephone    Central    4446 


General    A.  g  c  n  1    "P  a  j  J  '  r    T>  c  p  '  t 

91    Adami  CHICA 


ft: 


THE  ADVANTAGES    OF    ELECTRICITY    FOR    DRIVINO 
MACHINERY,   FROM  THE  HEAVIEST,  DOWN       ^^ 

VALUABLE^^^  TO    THE    SMALLEST   HOUSEHOLD        ^S 

ADVERTISING  ^\^  .moicmcmt    ic  mow/  ci  ii  i  v  ^^  READ! 

MEDIUM  FOR        ^S.   IMPLEMENT,  IS  NOW  FULLY       .^  a 

ALL  SUPPLIERS  OF       ^»»w  DEMONSTRATED      ^^      CIVILI  XXt 

ELECTRICAL  MACHINERY       >w  ^^  LD 


ELECTRICAL  POWER 

A  MONTHLY  JOURNAL  TREATING  WITH  ITS 

GENERATION,  TRANSMISSION,   and  USE   FOR   ALL   PURPOSES 


PUHl  !  AT 

IT  GIVES      ^^ 
ACTUAL    EX-    ^W  »«*"** 

PERIENCESOFUSERSOF      >V  DON,  EC, 

ELECTRICITY    FOR     POWBR        \. 
PURPOSES,    AND    IS     INDISPENSABLE 
TO    MANUFACTURERS    AND  OTHERS    WHO  C 
TEMPLATE   OR    WHO    ARE   USINQ    ELECTRICAL 


SUBSCRIPTION   PRICE, 

PAYABLE  IN  ADVANCE, 

$1.25  I  PER  ANNUM 
5s.  \  POST  FREE 

EVERY 

WHERE 
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THE  CHICAGO  <Sr  ALTON 

runs  the  largest  passengerengines 

in  the  world 

They  keep  the  trains  on  time 

Between  Chicago, 
St.  Louis, 
Kansas  City  and 
Peoria 

Geo.  J.  Charlton,  General  Passenger  Agent 

CHICAGO,  ILL. 


MAGNIFICENT 
WATER   POWER 

F      O      F+-  SALE 

which  will  develop  ten  thousand 
horse-power  With  this  is  included 
200  acres  at  dam  site  and  300  acres 
at  power  site.  The  property  should 
be  developed  in  connection  with 
the  generation  of  electricity  for 
power,  as  we  have  application  from 
numerous  industries  for  site  when 
developments  are  assured.  There 
are  also  a  number  of  towns  within 
a  radius  of  thirty  miles  ready  to 
contract  for  both  light  and  power. 

PAPER  AND  PULP  MILL 

One  hundred  million  cords  of  pulp 
wood  are  tributary,  extending  up 
the  river  for  a  distance  of  thirty 
miles,  and  commanding  as  well  a 
territory  of  several  hundred  miles 
connected  by  rail.  For  engineer's 
report  and  detailed  data  address, 

J.  W.  WHITE,  General  Industrial  Agent 

Portsmouth,  Virginia. 
SEABOARD    AIR.    LINE    RAILWAY 


EMPLOYMENT  DEPARTMENT—  Concluded) 

and  repair  work  in  general.     References.     Ad- 
dress The  Technical  World  Magazine,  No.  376. 


Wanted — Position  as  Helper  around  ma- 
chine shop.  Experienced  in  zinc  smelting 
and  brick  manufacturing.  References.  Ad- 
dress The  Technical  World  Magazine,  No.  375. 


Wanted— Position  as  Tracer  or  Detailer. 
Experienced.  Fine  references.  Address  The 
Technical  World  Magazine,  No.  374. 


Wanted — Position  as  helper  in  Inside  Wir- 
ing or  Installing  Electrical  Machinery.  Ex- 
perienced in  line  work.  References.  Address 
The  Technical  World  Magazine,  No.  367. 


Wanted — Position 
Engineer.     Ten  years' 
References.      Address 
Magazine,  No.  368. 


as  Assistant  Municipal 
experience  in  surveying. 
The     Technical     World 


Wanted — Position  as  Leveler.  Transitman, 
Rodman,  or  Chainman.  Experienced  in  street 
and  sewer  work.  Locality  desired,  West  or 
South.  References.  Address  The  Technical 
World  Magazine,  No.  '369. 


Wanted— Position  where  practical  experi- 
ence may  be  gained  with  electrical  machinery. 
References  furnished.  Address  The  Technical 
World  Magazine,  No.  377. 


ENGRAVING 

Postal  brings  circulars.    J.  Kiola,  Engraver, 
155  W.  Madison  St.,  Chicago,  111. 


Natural  Punctuation 

"How  would  you  punctuate  this  sentence?" 
asked  the  teacher  of  grammar  and  rhetoric : 

"  "As  John  opened  the  book  three  five-dollar 
bills  evidently  placed  there  by  his  cousin  flut- 
tered out  from  between  the  pages  and  were 
caught  up  by  the  breeze.' ' 

"I  think,  professor,  if  you  would  allow  me,  I 
should  first  make  a  dash  after  the  bills,"  said 
the  pupil,  promptly. 


5^S3J 


From  "Farm  Journal," 
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LOW  RATES  1BMMINB 


vancouve 

SEA 

TAX  01 
PORT 


NOrtTltWfSTFRNlM 


The  following  rates  and  dates  of  sale  are  for  strictly  first-class  round- 
trip  tickets  from  Chicago,  with  favorable  stop-over  arrangements  and  liberal 
time  limits  : 


$6750 

$5652 

$3500 

*30°°. 

$2500 

$2022 


en    To  San  Francisco,  Los  Angeles  and  San  Diego  and  return 

on   certain    specified  dates  throughout   the   Summer. 

CO   To  Portland  and  Puget  Sound  Points  and  return.   On  sale 
daily  until  September  30,   inclusive. 

00    To  Yellewstor.e  Park  and  return,  including  stage  trans- 
portation   ($85.00    also    includes    hotel    accommoda- 
tions in  the  park).     Daily  until  September   16. 
To  Denver,  Colorado  Springs  and  Pueblo,  Colo.,  and  return. 

On  sale  daily  until  September  30,  inclusive. 


To  Denver,  Colorado  Springs  and  Pueblo,  Colo.,  and  return. 

Daily  August  11  to  14,  inclusive. 

00    To  Denver,  Colorado  Springs  and  Pueblo,  Colo.,  and  return. 
_    Daily  August  30  to  September  4,  inclusive. 

e  OTPRfl    To HotSprings,S.D.and return.  $30.70 Deadwood and Uad 
*tLi  —    and  return.    On  sale  daily  until  September  30,  inclusi . 

COn 00  To  Duluth,  Superior  and  Ashland  and  return. 

^£.U—  dailY  until  September  30,  inclusive. 

C4  "7  25  To  Marquette,  Mich.,  and  return.     On  sale  daily 

*M     I    _  September  30,  inclusive. 

€4  1*00  To   St.  Paul   and   Minneapolis,  Minn.,  and   return.    On 

'  IID—  sale  daily  until  September  30.  incl 

CORRESPONDINGLY    LOW    RATES    ARE    IN    EFFECT    FROW    ALL    POINTS. 

All  agenta  acll  ticket,  rfc  thia  line.     Further  .ofexm. 
W.   B.  KNISKERW,  Passenger  Traftlo  ■•n«fl«r.  CHICAGO.   ILL. 
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Multiply  This  in  Your  Head 

Wouldn't  you  like  to  lie  able  to  figure  this  and  hundreds  of  other  similar  problems  in  your  head?  Wouldn't 
you  like  to  be  able  to  add,  subtract,  inultii.lv,  and  divide  any  problem  almost  instantly  without  writing  any  partial 
,  roduct  -  to  be  able  to  simply  write  the  answer  ? 

Our  Free  BooK,  "Rapid  Calculation" 

tells  you  all  about  a  method  which  will  make  you  A  master  of  figures.  It  tells  of  a  system  by  which  )  ou  can 
figure  instantly  the  most  intricate  sums  in  your  head;  handle  groups  of  figures  and  fractions  as  easily  as  single 
whole  figures  ;  in  fact,  cut  the  work  of  figuring  in  two. 

A  better  position  ami  a  laree  nalary  have  come  to  hundreds  who  have  read  this  book.  If  you  want 
to  better  your  position,  to  increase  your  salary,  to  make  yourself  worth  more  to  yourself  and  your  employer",  to  hold 
the  whip-hand  in  financial  transactions,  to  make  your  wor'-c  easy  and  interesting  instead  of  tiresome,  you  should 
write  fir  this  book  at  once.  It  will  cost  you  nothing  but  the  trouble  of  asking  for  it.  A  postal  will  bring  it  to  your 
very  door.  It  may  cost  you  a  good  position  or  a  valuable  promotion  to  neglect  this  opportunity.  Write  for  it 
to-day  before  you  forget  it.     Address 

COMMERCIAL   CORRESPONDENCE  SCHOOLS,  "iJSSaS^T' 


' '  These  two  I  use  daily. ' ' 

ARNICA 

Tooth  Soap 

Is  antiseptic; 

preserves 

while  it 

beautifies. 

No  spilling  or 

wasting;  convenient 

and  economical. 

25  Cents 
At  all  Druggists 

STRONG'S 

Arnica  Jelly 

(Carbolated) 


Keeps  the  skin 
free  from  rough- 
ness and  pimples.  Nothing  better 
for  sunburn  or  chapping;  also  for 
cuts,  bruises,  burns  and  all  erup- 
tions. Keeps  the  skin  soft,  smooth 
and  delicate.  The  collapsable  metal 
tube  is  convenient  and  unbreakable. 

Take  it  with  you  wherever  you  £0. 
If  your  druggist  hasn't  it—Sendto  us. 

Sent  postpaid  on  receipt  of  25  cents. 
C.  H.  STRONG  &.  CO. 

CHICAGO 


Standard  Adding  Machine 


$185.22 


For  Speed,  Capacity,  Durability,  Accuracy,  Simplicity 
The  STANDARD  has  no  equal. 

The  Standard  way  to  add  is  always  accurate.  The 
Machine  cannot  make  a  mistake.  It  has  only  19  keys. 
Its  simplicity  avoids  confusion  and  makes  the  oper- 
ator's work  more  accurate. 

The  speed  of  the  Standard  is  limited  only  by  the 
dexterity  of  the  operator. 

The  Standard  has  10  times  the  capacity  and  double  the 
speed  of  any  other  adding  and  listing  machine  on  the 
market.    Awarded  the  Grand  Prize  at  St.  Louis. 

Write  for  10  reasons  why 

STANDARD   ADDING   MACHINE   CO. 

35  Spring  Avenue  ::  St.  Louis.  Mo. 


THE    STANDARD    WAY 


VMIdeal  SIGHT  Restorer 

V/W  Is  Your  Sight  Failing  ? 


ICus&cs. 


All  refractive  errors,  muscular  trouble  and  chronic 
diseases  ol  the  Eye  successfully  treated  by  scientific 
MASSAGE. 

•*I  am  in  my  seventy-ninth  year,  and  have  the  Sight  Restorer  and 
yourselves  to  thank  lor  renewed  eye-sight."    (Testimonial  177) 

"I  wish  I  could  impress  every  one  afflicted  so  they  would  give 
the  Restorer  a  trial."    (Testimonial  244) 

English  or  German  pamphlet  mailed  free.    Address 
THE  IDEAL  COMPANY,  239  Broadway,  New  York. 


Mention  The  Technical  World 


YEARS" 


'What  I  have  done  in  ten 
years  — The  Story  of  my 
Wonderful  Success." 


I  hope  every  reader  of  THE  TECHNICAL  WORLD  will 
yon  my  free  book,  entitled  "  Ten  Ye 

to  say  about  one  of  I 

I  believe  [  have  the  best  pi 
fore  you.     My  book  tells  all  about  the  su  I 

Life,  and  about  its  exceptional  future  possibilities.     I  l 

started  business  in  the  city  of  Bi  L89I 

first  year's  business  netted  me  over  $1  000.     I 
1      ••  years  ago  my  business  1  that  I    - 

quarters.     I  am  now  at  till  and   65  Clarl  I  a,  in  i 

I  have  today  what  experts  b 
in  the  country.     I  estimate  the  equipment  of  the  M  j  Institute  of  PI 

th  at  least  $40,000.     The  Mac  ]         •     .  own  f r<  [I 

valuable  patents— such  as  the  Mac  I       .  Steel  Bar  Sj  stem,  famous  all  < 
MacLe   jrTro]        S        m,  t  >r  quick  and  tinswimmii 

by  the  Mac  Levy  Institute  of  Physical  Culture  is  very  lai   e.    ] 
when  the  swimming  season  is  just  openii   :.      I. 

swimming:  one  at  Aveme-by-t)  I..    I  ,   an  >ther  at  E  i 

and  at  our  Brooklyn  Institute.     During  the  summer  months  [taught  I  i 

thirteen  instructors  on  my  pay-roll.     Each  instructor  worked  ten  fa 
an  aver;  20  minutes  to  each  pupil.     Y>>u  can  get  an  id< 

which  I  did  during  the  warm  v.  months.      'I 

Mail  ( >rder  1  department  and  regular  Physical  Cultun  I 

are  thousands  of  people  in  n  tecircum 

Institution  of  this  kind.     At  last  1  decided  to  offer  a 
to  the  public  at  its  par  value.      I  have  v 

into  operation  e  plans  for  v  I 

Culture  and  the.  Mac  Levy  Gymnasium  Equipm     I   I  I 

will  enable  me  to  meet  adequately  the  growing  demand 
illative  mind  1  do  not  want  you  as  a  partner.      W  all  E 
of  dollars  are  lost  in  mining  and  oil  storks.     If 
where  it  will  earn  more  for  you  than  the  'A  or    1 
want  von  to  read  my  book.      I  want  \ 
money  stand  idle  earning  only  rhicfa  the 

work.     Join  it  with  mine.      I 
least  202.     If  you  have  read  this  adv< 
in  this  great  enterprise.     I  know  tl     I 
tells  all  about   myself,    mv  I 

future  holds  for  all  who  j 
me  send  you  this  book,     It  is  absolute!;. 


MAC     LEVY 

President  Mac  Levy  Co.,  Inc.,  Dept.  BI.  M4I  Clark  S  Y  V. 


THOUSIVHTC  ttMCL 


)  *5ooo- 

y-  A  YEAR-  in  the  - 

REAL  EST  HE  BUSINESS 


(fa  Other  business  yields  the  prollts  that  are  made  every 
year  in  the  real  estate  business. 

You  can  learn  the  business,  its  principles  and  practices, 
thoroughly  and  technically.  In  a  few  weeks'  time,  without 
it  Interfering  with  your  present  employment.  We  leach  yoa 
the  real  estate  bn»iuesa. 

You  con  make  more  money  in  the  real  estate  business  in 
less  time  than  you  can  I  uanj  other  because  it  is  the  hi  iciest 
ainl  best  business  in  the  world,  it  is  a  profession  and  the 
business  of  a.  gentleman; 

t  ither  speeial  features  of  our  method  are:  We  furnish  you 
lists  ami  descriptions  of  exceptional  offerings  of  all  kinds 
of  property  sitirated  in  all  parts  of  the  I'nited  States  and 
Canada;  we  list  \mir  property;  we  fur  dsh  you  our  "Rial 
Estate  Journal"  of  business  opportunities,  investments,  etc. 

We  aire  you  Instruction  In  central  brokerage  and  insurance. 

Notice  for  yourself  in  the  newspapers  and  magazines  the 
tremendous  growth  of  the  real  estate  business  —  railroads 
selling  land  grants  the  pro  vernment  opening  new  homestead 
territories  ;  timber  concessions  being  sold;  factories  going 
up  in  small  towns;  new  subdivisions,  etc. 

Summer  is  a  splendid  time  for  you  to  commence  this 
course.  You  will  then  be  graduated  by  autumn,  when  real 
estate  will  be  booming. 

Keal  estate  firms  in  the  cities  pay  large  salaries  to  com. 
petent  men.  ami  If  you  do  not  desire  to  go  in  business  for 
yourself  we  will  list  your  name,  free  of  ehnrge.  fur  one  year, 
with  one  of  the  largest  placing  bureaus,  and  you  will  have 
the  privilege  of  applying  to  this  bureau  for  a  situation  in 
the  city. 

Write  for  our  free  booklet.    It  will  interest  you. 

H.  W.  Cross  &  Co.,  Dept.  J,  Tacoma  Bite.,  Chicago 


vAfter    Shaving 


MENNENS 

BORATED  TALCUM 

TOILET  POWDER 

and  insist  that  your  barber  use 
it  also.  It  is  Antiseptic,  and 
will  prevent  any  of  the  skin 
diseases  often  contracted. 

A  positive  relief  for  Prickly 
Heat,  Chaiing  and  Sunburn,  and 
all  afflictions  of  the  skin.  Re- 
moves all  odor  of  perspiration. 
Get  Mennen's — the  original.  Sold  everywhere, 
or  mailed  for  25  cents.    Sample  free. 

GERHARD  MENNEN  CO.,  Newark,   N.  J. 


/John  Mac™  tosM 
'the  Toffee  King 


ackintosh's 
Toffee. 


A  CANDY,  originated  in  Yorkshire,  England.  Made 
from  pure  butter,  cream  and  sugar,  and  other  good  things. 
The  purest  candy  made.  Not  a  butter-scotch,  or  a  chewing 
candy — but  a  delicious  old  English  sweetmeat,  that  every- 
one will  enjoy. 

You  break  off  a  piece  and  let  it  dissolve  in  the  mouth. and 
I  tell  you,  you'll  find  it  more-ish — the  more  you  eat  of  it,  the 
more  you  w  ill  want. 

Ask  your  dealer  lo  supply  you.  See  that  my  name  and  face 
are  on  every  package,  or  send  me  10  cents  for  a  trial  package 

JOHN   MACKINTOSH, 

Dept.   192,        78  Hudson  Street,  NEW  YORK. 


If  anybody  on  earth  ought  to 
appreciate  the  importance  of 
little  things,  it's  the  technical 
engineer. 

The  things  you  work  with  are  little 
things — a  pencil,  a  brush,  a  set  of 
instruments,  the  texture  of"  the 
paper  in  a  sketch  block — any  of 
these  may  make  or  mar  your  work. 

Have  'em  right,  if  you  get  Devoe 
things  to  work  with  you'll  be 
sure  of  it. 

Send  for  catalogue  of  draughting 
instruments   and  supplies. 

Devoe   &   Raynolds   Company 

176  Randolph  Street,  Chicago 

Fulton  and  William  Sts. ,  New  York 
1  2 1 4  Grand  Avenue,    Kansas  Citv 


Vila 


PIANOS 


have    been    established    over    50    YEARS.      By   our 

system  of  payments  every  family  in  moderate  cir- 
cumstances can  own  a  VOSE  piano.    We  take  old 
instruments  in  exchange  and  deliver  the  new  piano 
in  your  home  free  of  expense.        Write  for  Catalogue  D  and  explanations. 

VOSE  ®.  SONS  PIANO  CO..  160  Boylston  St..  Boston.  Mass. 


IW.P  Dunn  Gall 
PRINTERS 
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